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FBEFACE TO VOLUME SECOND 


In this volume an attempt has been made to treat the subject of fer- 
tilizers and fertilizing materials in the manner followed in the first volume 
with soils. The general principles of fertilizer manufacture and applica- 
ton have been presented in so far as they seemed to throw light on the 
rational method of examination and analysis. The standard methods of 
analysis in use in this and other countries, have been presented with suf- 
ficient fullness for the guidance of the skilled worker, and the information 
of the student. To those who make use of a book only for routine work 
or for preparation for an examination, this volume, as its predecessor, will 
be found to have little attraction. This fact, however, will not be a cause 
of regret to the author whose purpose has been, avowedly, to present to the 
busy worker and student a broad view of a great subject which each one 
does not have the time to search out for himself. 

It is a matter of regret, however, that the contents of the volume have 
again exceeded all expectations. It was found impracticable to secure any 
greater condensation without departing from the purpose, and impairing 
the completeness of the work. When work is done with no prospect of 
financial compensation, it is gratifying to find it appreciated, and the author 
will be content to have this volume meet with as kindly a reception as has 
been accorded volume one. 

Harvey W, Wieey. 

Washington, D. C. 

End of July, 1895. 



PEEFACE TO SECOND EDITION 


A great part of the material relating to the occurrence and analysis of 
ammonia, nitrous and nitric acid printed in the first volume of the first 
edition of this work has been rewritten and transferred to this volume. 
This rearrangement has resulted in making the first and second revised 
volumes of approximately the same size. 

All the matter of this volume has been rewritten and brought down to 
date. New features of moment are those relating to the production of 
nitric acid for manurial purposes from cyanamid and by direct electric 
oxidation of the nitrogen of the air. A chapter on the analysis of in- 
secticides has also been added. 

While not intended in any way as a laboratory guide it is hoped this 
volume may be even more highly a{)preciated than in its first form by the 
student, the investigator and the teacher. 

Harvey W. Wieev. 

November, 1908. 



PREFACE TO THIRD EDITION 


A preface offers an oi)portunity, not always afforded by the text, for the 
author to formulate his vision, to emphasize what he considers the need, 
to define his purpose, and to acknowledge the help of co-workers in the 
preparation of the volume. The function of a preface of a book such as 
Princii)les and Practice of Agricultural Analysis is to set forth briefly the 
origin, the scope and the aim of the work. 

In the first and second editions of Volume II the purpose of a preface is 
fully met by the author, Dr. Wiley. In the third edition there is presented 
the task of explaining with brevity, the prime requisite of every good 
])reface, the changes in material made essential by the strides of science 
and new authorship. The aim of the third edition is identical with that 
expressed in the preface to the first edition. 

The several volumes of Principles and Practice of Agricultural Analysis 
are not !)ooks of methods or manuals for the laboratory technician ; rather, 
they supplement the “Book of Methods’’ of the Association of Official 
Agricultural Chemists. They aim, as their author succinctly announced, 
“to place in the hands of teachers and students of agricultural analysis 
and of analysts generally the principles w^hich underlie the science and art 
of analysis.” These principles, when mastered, will enable the student or 
analyst to sit quietly at his desk and interpret, construe, and evaluate the 
data and figures yielded by his balance, his refractometer, his microscope, 
his polariscope, and by other instruments of precision which he employs. 
The writers presuppose such a familiarity with the Book of Methods as 
gives point to the observation in the preface to V^olume II that “To those 
who make use of a book only for routine work or for preparation for an 
examination, this volume, as its predecessor, will be found to have little 
attraction.” To the agricultural chemist who interprets facts as he finds 
them, however, these volumes will prove invaluable. 

The present edition is not a revision in the sense that it is a rewritten 
and enlarged former edition ; the subject matter, the arrangement and the 
method of presentation are new. 

When Dr. Wiley proposed to deed in trust the author’s right in Prin- 
ciples and Practice to the Association of Official Agricultural Chemists, 
as shown by the appended letter to the Secretary, there were misgivings 
on the part of some of the leaders of the organization regarding the ad- 
visability of accepting the generous offer. Because of the continuity so 
necessary in a work of this kind, there was some doubt about the ability 
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of the rather loosely organized body of scientific workers, bound together 
solely by their official position, to push to a desirable and creditable con- 
clusion such a herculean task as it was recognized the acceptance would 
entail. After careful consideration of the matter by the Executive Com- 
mittee of the Association, however, it was decided to accept the gift, pro- 
vided Dr. Wiley would withdraw certain restrictions he had imposed and 
which it seemed would make impossible the work of revision. Dr. Wiley 
magnanimously acceded to the suggestions of the Committee, but no doubt 
with regrets, because he fully realized that radical changes in his material 
would be necessary to swing it into step with the march of progress. 

After a thorough canvass of the members of the Association available 
for such an undertaking, the Executive Committee selected C. A. Browne 
and W. W. Skinner as editors, with power to act in all matters pertain- 
ing to the policies of production and to the personnel of the contributing 
staff. Just two conditions were named by the Committee: That, so far 
as possible, the contributors should be restricted to the membership of the 
A.O.A.C. and that the several volumes should be closely articulated with 
and made supplemental to the Association’s Book of Methods. In harmony 
with these two ideas the editors constructed their outlines for Volumes 
II and III and selected their collaborators. Upon these modest, pains- 
taking men fell the burden of production and responsibility for the char- 
acter of the work ; to them belongs in full measure the credit for the suc- 
cessful completion of a difficult task. The editors have been fortunate in 
the whole-heated support given to them, often at the cost of great personal 
sacrifice and with little hope of reward other than the satisfaction which 
comes from the utilization of natural talents for a great service. 

That the Association of Official Agricultural Chemists is an interesting 
body of earnest, energetic and capable public servants was made doubly 
impressive to the editors when they began the work of selecting collab- 
orators in this undertaking. They are men and women of national, in- 
deed international, reputation in their chosen fields of activity. As the 
reader turns the pages and notes the authorship listed at the head of each 
chapter he will recognize, especially if he is versed in the literature of agri- 
cultural chemistry, that here is the production of men who sp^k with the 
authority of thorough knowledge and ripe experience. To indicate just 
how much the revision is a product of the A.O.A.C. it may be pointed 
out that in Volume II four of the eight chapters were prepared under the 
leadership of past presidents of the Association, and in the appended list 
of contributors will be recognized some of the leading minds which, 
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sociated together for a community of interest, have made the A,O.A.C. an 
outstanding organization. 

To Miss Marian E. Lapp, the Assistant Secretary of the Association, 
and Associate Editor of The Journal of the Association, grateful acknowl- 
edgment is due for the tireless and efficient service rendered in bringing 
editorial order out of a heterogeneous mass of material of varying styles 
and completeness. Particularly fortunate were the editors in securing the 
collaboration of Dr. Edward Hart, the publisher, who has been a life-long 
friend of Dr. Wiley. His sympathetic support and encouragement were 
deciding factors in undertaking the work. 

To such contributors and reviewers as R. N. Brackett, H. D. Haskins, 
H. B. McDonnell, A. R. Merz, W. H. Ross, G. S. Praps, F. P. Veitch, 
P. E. Howard, B. B. Ross, C. W. Whittaker, J. S. McHargue, C. C. 
McDonnell, J. J. T. Graham, C. M. Smith and E. L. Griffin, whose work 
speaks for itself in the following pages, the editors owe grateful acknowl- 
edgment and the students of agricultural chemistry a lasting debt. 

W. W. Skinner, 

Washington, D. C. Secretary-Treasurer, 

September i, 1930. Association of Official Agricultural Chemists. 
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Doctor W. W. Skinner, 

3 ecretary-T reasurer. 

Association of Official Agricultural Chemists, 

Washington, D. C. 

My dear Doctor Skinner ; 

My inability to prepare a third revision of VV)liimes II and III of Prin- 
ciples and Practice of Agricultural Analysis after Volume I of this series 
had been prepared and published was apparent. Failing eyesight and the 
fact that I had not been able to maintain that intimate contact with the 
progress of agricultural chemistry necessary for such a task were contribut- 
ing factors in the decision to intrust this important work to others. 

Owing to my close relationship with the Association of Official Agricul- 
tural Chemists, it was natural that I should wish to have this organization 
continue the work, and so it was with great satisfaction that I learned that 
my offer to present the copyright of the second and third volumes of the 
third revision and of all subsequent revisions had been accepted. 

As evidence of my interest in this association and its aims and objects 
I may state that I was present at the first meeting that was held after its 
organization under the present name at Philadelphia, September 8 and 9, 
1884, and that I have attended every meeting held since that time. I served 
as President of the Association in 1886, and as Secretary from 1890 until 
my resignation from the Bureau of Chemistry in 1912. Then I was elected 
Honorary President for life, and it has been my pleasure to address the 
members at each meeting held since that time. 

I am greatly pleased to learn from you that the manuscript for the third 
revision of Volume II is completed and about ready for the printer, and 
that about three-fourths of the material for Volume III has been received 
by you and is being edited. 

To those members of the association who have so ably contributed to- 
ward the success of the undertaking, and to Doctor C. A. Browne and to 
you who have been entrusted by the Executive Committee of the Associa- 
tion with the heavy responsibility for the planning and execution of the 
third revision, I wish to express my very grateful appreciation. 


Sincerely, 


Harvey W. Wiley. 
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INTRODUCTION 

By R. N. Brackett, Ph.D,, Director, Department of Chemistry, 
Clemson College, S. C., and Chief Chemist of Fertilizer Analysis 

Definition of Terms. — A fertilizer may be broadly defined as any ma- 
terial, organic or inorganic, natural or artificial, that furnishes directly 
or indirectly to plants one or more of the elements necessary for normal 
growth. 

A direct fertilizer is any material, organic or inorganic, natural or arti- 
ficial, that either immediately through solution or after undergoing fer- 
mentation, ammonification, nitrification, weathering and other chemical 
changes in the soil, furnishes one or more of the elements necessary 
for normal plant growth. 

The term indirect fertilizer is applied to materials, organic or inorganic, 
that improve the mechanical condition of the soil, neutralize acidity or 
assist in the liberation of plant food from various materials ; they may also 
furnish plant food. 

A commercial fertilizer is any material valued for its content of nitro- 
gen and/or phosphoric acid, and/or ix)tash, though most state fertilizer 
laws exempt lime, limestone and marls, and also manure when unmixed 
with other materials. Some state laws, however, require manures to be 
included under the regulatory act, exempting only the excrements and 
litter from domestic animals in its natural state. Some state laws set a 
minimum limit to the quantity of nitrogen, phosphoric acid or potash 
that must be present in order to classify the material as a commercial 
fertilizer. For example, in one of the states that produce large quan- 
tities of fertilizers, a material, substance, or mixture that is claimed to 
contain more than one per cent of nitrogen, or of phosphoric acid, or of 
potash is classed as a commercial fertilizer, provided that lime, limestone, 
marl, unground bone, stock-pen manure and barnyard manure shall be ex- 
empt in case the excrement or manure has not been dried, manipulated 
or otherwise treated, or is not claimed to have a value of more than $4.00 
per ton. 

Plant food consists of all the elements that are assimilated by plants 
and that are necessary to normal growth. Recent investigations have 
shown that these elements are not restricted to fourteen : nitrogen, phos- 
phorus, potassium, calcium, magnesium, iron, oxygen, hydrogen, carbon, 
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sulfur (sodium, chlorine, silicon, fluorine), as was believed for many 
years. To these fourteen must be added manganese, boron, copper, nickel, 
cobalt, zinc, and no doubt others, although the quantities of the less com- 
mon elements required by plants are extremely small, only a few parts 
per million. 

The term manure is often used synonymously with fertilizer, especially 
in England and other English speaking countries; in this country it is 
usually applied only to the excrement of cattle and other domestic animals, 
with or without the usual amount of litter or bedding used in the care of 
the animals : The term guano is applied to the accumulated excrement and 
remains of wild birds, as Peruvian guano, etc. 

In harmony with the common practice in this country, however, the 
words fertilizer and manure will be used in this volume as defined. 

Occurrence of Fertilizers in Nature. — In the succession of geological 
epochs that have marked the natural histor>^ of the earth there have been 
brought together in deposits of greater or less magnitude the stores of 
plant food unused by growing crops or which may once have been part 
of vegetable and animal organisms. 

A full description of the extent and origin of these deposits may be ob- 
tained from works on economic geology. A brief description of them is 
given in this volume in connection with the fertilizing materials which 
they furnish. These deposits are the chief sources of the mineral fer- 
tilizers which are offered to the farmers to-day and to which the agri- 
cultural analyst devotes much of his time and labor. The methods of 
determining the chemical composition and agricultural value of these de- 
posits, as practiced by the leading chemists of this country and Europe, 
will he fully described in the following pages. 

WASTE MATTERS AS FERTILIZER MATERIAL 

Natural Fertilizer Products of the Farm. — The most important of these 
are the excrements of domestic animals, waste residues, straw, grasses, 
stover, and leaves from the wood lot and forest. Wood ashes are valued 
especially for their potash and lime content. 

Industrial Wastes. — The industrial waste materials are also important. 
They comprise the debris from such sources as factories and abattoirs, 
which is prepared for use and Sold as commercial fertilizer. Among these 
waste materials may be mentioned bones, horns, hoofs, hair, meat scrap, 
blood, fish scrap, whale meat, oil cakes, ashes, sewage, garbage, affal of 
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all kinds, leather scraps, distillery waste, basic slag, tobacco stems and 
stalks, and organic debris in general. 

In the last few years, however, the tankages prepared from packing 
house waste, fish scrap and oil cakes, with the exception of castor pomace, 
have been so extensively used as animal feeds that very little of such ma- 
terials has been available for fertilizer. It is fortunate, therefore, that 
such inert materials as leather scrap, hair, feathers, and garbage can be 
so treated as to make them sources of soluble and available plant food, 
especially nitrogen. 

These and other more recently found sources of nitrogen, notably 
synthetic nitrogen products, will be considered in their api)ropriate sec- 
tions. Among these products are nitrate of soda, nitrate of potash, ni- 
trate of lime, nitrate of ammonia, sulfate of ammonia, phosphate of am- 
monia, calcium cyanamide, urea, calurea, and leunasalpeter. Sources of 
phosphoric acid and ixitash showing high analysis such as double and 
treble super[)hosphate and kemfert. the latter a muriate of potash from 
the Searles Lake deposit, are also utilized. Finally, there are other high 
analysis products, both imported and of domestic manufacture, furnishing 
nitrogen, phosphoric acid and potash, such as nitrophoska and ammo- 
phos-ko. 

Trade Values of Fertilizing Ingredients in Baw Materials and Chemi- 
cals. — In some states it is customary for the fertilizer control officials to 
[irocure and publish the trade values of ingredients in the raw materials 
and chemicals used in compounding mixed fertilizers, and in other states 
this is a requirement of the fertilizer law. These trade or commercial 
values are usually secured from quotations given during the fall and win- 
ter seasons, and cover a period of from three to six months, as the case 
may be. They are usually based on the average cash prices at local cen- 
ters of distribution for chemicals and raw products for the period desig- 
nated. and in the New England section the usual custom is to add 20 per 
cent to the published quotations to cover overhead costs. 

The method of calculating these trade values may be illustrated as fol- 
lows: The. average cash price per ton at the ports, of a raw material, 
say sulfate of ammonia, is divided by the percentage of nitrogen guaran- 
teed and thus is obtained the unit value. As the unit value is the price 
of 20 pounds, one per cent of a ton (2000 lbs.), this value divided by 20 
gives the price per jiound of nitrogen in sulfate of ammonia. The fol- 
lowing values thus obtained in one of the seaboard states in 1928 are 
given as an example. 
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Per unit 

Per lb. 

N — in sulfate of ammonia 

$2.60 

$0,130 

N — in nitrate of soda 

3.34 

0.167 

N — in blood 

6.32 

0.316 

N — in tankage 

6.32 

0.316 

N — in ground fish 

6.68 

0.334 

N — in cottonseed meal 

6.68 

0.334 

Available phosphoric acid 

0.80 

0.040 

K2O — in kainit 

1.05 

0.053 

K>0 — in manure salts 

0.80 

0.04 

KaO — in muriate 

0.80 

0.04 

K2O — in sulfate 

1.05 

0.053 

From these values were taken the following figures 

for the ingredients 

in mixed fertilizers: 

Per unit 

Per lb 

N 

$5.00 

$0.25 


0.80 

0.04 

K2O soluble in water 

0.90 

0.045 

The following example will illustrate the use made of these values in 
calculating the relative commercial values per ton in mixed goods : 


N P*Or, 

KaO 

Guaranteed percentage 

5.00 8.00 

4.00 

Found 

5-10 8.25 

4.10 


5 X $5-00 = $25.00 

8 X 0.80 =: 6.40 

4 X o.go = 3 60 


$35.00 R.C.V. per ton guaranteed 

5.10 X $5.00 = $25.50 

8.25 X 0.80 = 6.60 

4.10 X 0.90 = 3.69 


$3579 R.C.V. per ton found on analysis 

These money values per ton simply represent the average cost of raw 
materials of good quality at the ports, at ton rates, for the i)eriod during 
which the trade values were obtained. They do not represent the cost 
per ton of the mixed fertilizer to the purchaser, because no account has 
been taken of costs of manufacture, freight from the ports or of any 
other expenses incident to the manufacture and handling of mixed fer- 
tilizers. The trade values have nothing to do with the agricultural value 
of the material. ^'The valuations of mixed fertilizers, obtained by the 
use of this schedule, are entirely commercial ; they are not intended to in- 
dicate even a possible agricultural value.”^ 

* Vorhecs* Fertili*er«, i8g8, 158. 
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Expression of Sesnlts of Fertilizer Analyses. — It has long been the cus- 
tom of chemists to express the results of the analysis of minerals, and of 
inorganic materials generally, as oxides of the elements determined, ex- 
cept in the case of halides. For example, in reporting on fertilizing ma- 
terials and mixed fertilizers the phosphorus is reported as phosphorus 
pentoxide (PjO..,), and, in accordance with a custom prevailing in the time 
of Lavoisier and Berzelius, it is called phosphoric acid. In like manner 
IX)tassium is reported as potassium oxide (K^O), and called potash, 
though this name is also frequently applied to the hydroxide and to the 
carbonate, often with the added designations of “caustic” for the former 
and “mild” for the latter. For many years it was the custom to report 
the nitrogen as ammonia (NH,), and materials were bought and sold on 
the ammonia basis. The rule quite generally followed now, however, is 
to report the nitrogen as such, since it does not usually occur in the am- 
moniacal form in the material sold as sources of nitrogen. Practically all 
states have now adopted the elemental form of reixirting nitrogen. 

Some chemists also advocate reporting the phosphorus and potassium 
as elements, and this, no doubt, is more scientific. Others, a])parently 
still more scientific, have suggested that the ions PO4, K. and or 
NO„ be used in reporting results of analysis. 

While both the elemental and the ionic systems of reporting results of 
fertilizer analyses are more scientific than the common system, it must 
be kept in mind that the results are reported mainly for the lienefit of 
those who are not chemists. The common system has been established by 
long usage and has come to have a real and definite meaning to the manu- 
facturers, dealers, and purchasers of fertilizers. Even the change from 
ammonia to nitrogen in the common system will have to be a slow one, 
so firmly fixed is the term ammonia in certain sections of this country. 
Certainly, then, a change from the common system to the elemental or the 
ionic, while it might have the advantage of scientific accuracy, would be 
extremely difficult and would unquestionably lead to confusion for a long 
time. Especially would this be true of the ionic system. 

In considering the different forms of nitrogen, in mixed fertilizers, 
especially, it is customary to report nitrate nitrogen, ammoniacal nitrogen, 
and organic nitrogen. Until recently the ammonia equivalent of the nitro-< 
gen in its various forms has been used in some states. 
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SAMPLING 

By H. B. McDonnkli., MS,, M./)., Professor of Agricultural Chemistry, 
University of Maryland and Formerly State Chemist of Maryland 

A sample should, under average conditions, constitute a small portion of 
any given product taken in such a way as to be fairly representative of 
the original tonnage present. It should be so prepared and preserved as to 
prevent or reduce to the minimum either contamination or changes in 
composition. 

All materials to be analyzed are naturally divided into three states, 
namely, gaseous, liquid and wSolid. 

Sampling a Gas. — The gaseous contents of the vessel, room or other 
container should be thoroughly mixed in order to have any given portion 
represent the whole mixture. This is especially important if the com- 
jX)nents have different specific gravities and have not had time to become 
thorougly mixed by diffusion. An ordinary electric fan placed in a room 
will so thoroughly mix its gaseous contents that a representative sample 
may be drawn in a short time. 

To keep a sample of gas free from contamination by other gases dur- 
ing sampling, it may be aspirated into a vessel filled with a liquid in which 
the gas is not soluble. For most gases mercury is theoretically the best 
liquid for this purpose, but its great weight and cost practically prohibit 
its use. As a rule water will be found entirely satisfactory for the as- 
pirating material, especially if the receiving vessel is sufficiently large. The 
quantity of gas that will be absorbed may be disregarded except when the 
gases are soluble in water, for example, ammonia, sulfur dioxide, etc. 
If the constituent sought is of sufficient concentration gases may be 
sampled directly into eudiometers or other vessels in which the analytical 
processes are to be carried out. 

A sample of gas may also be secured by pumping gas from any room 
or confined space into a flattened dry rubber bag. To expel the last 
traces of air the bag may be filled at least partially with gas, the con- 
tents expressed, and the bag then refilled. 

If the gas to be determined is a minor constituent of air the procedures, 
of sampling and analysis may be combined by aspirating the air through 
an absorption cylinder after passing it through an ordinary gas meter 
fitted with a special unit-reading dial. If the gas is of a corrosive nature, 
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as chlorine or nitrogen peroxide, it should be passed through the absorp- 
tion vessel first. In such cases the relative volume of the gas absorbed 
is so small that it may be neglected in the calculation. A manometer may 
be attached next to the meter to give the correction for reduced pressure. 

When electric current is available, a small aspirating pump driven by 
an electric motor answers admirably for sampling. Calibrated bottles or 
drums of water of suitable sizes may also be used as aspirators. 

The agricultural chemist may be called upon to sample gases evolved 
from mixed fertilizers in storage or trans])ortation and from manure in 
stables or in storage, or to study the effect of smelter, or other fumes, 
on vegetation. In all these cases the study of the nature of the case, the 
experience of the analyst and the character of the analysis will determine 
the methods which are best adapted to the ])urpose. 

Sampling a Liquid. — Liquids are sampled in the same general way as 
are gases. They should always be thoroughly mixed in order to obtain a 
sample that is uniform and representative in character. The mixing may 
be accomplished either by mechanical means, as usually practiced, or by 
blowing pure air through the liquid if this will cause no change by oxida- 
tion, evaporation, or expulsion of gas. The mechanical method, that is 
making use of ])addles or other stirrers or simply agitating the container, 
however, is to be preferred when it can be practiced. 

Sampling a Solid. — ^'fhe general principles that underlie and regulate the 
sampling of .solid materials are more varied than those for gases and 
liquids on account of the greater variety of conditions encountered. In 
order to obviate the consideration of changes in moisture content incident 
to the preparation and analysis of a moist sample, it is usually advisable 
to make a moisture determination on the original material, after which 
the product is partially dried at a low temperature. The partially dried 
product is then prepared and analyzed, the analysis including another 
moisture test on the dried product. The analytical results are then cal- 
culated to the original moisture basis. The sanii)ling of each specific 
crude, coarse material constitutes an individual and most difficult problem. 
A brief discussion of the sampling of a few of these products follows : 

Coarse Phosphate Rock, Bones, Tankage, Lime Stone, etc . — In samp- 
ling such products approximately equal portions may be secured from each 
full conveyor or bucket or from every ton by means of a shovel or scoop. 
If there are several thousand tons in the lot, the sample itself may weigh 
a ton or more. The heavy crushers and grinders of the factory are usually 
employed for the coarse grinding of the sample, which should be done 
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under the supervision of the sampler, who can then draw a suitable sub- 
sample from the ground material by means of a trier or other appropriate 
device. 

Meat and Fish Scrap, — With substances that are tough and difficult to 
reduce, such as meat and fish scrap, portions should be selected that will 
furnish a fair representation of the product. The material selected should 
be passed through a sausage mill, and the whole quantity should be thor- 
oughly mixed and quartered. This process should be repeated until the 
size of sample desired has been secured. 

Deliquescent or Pasty Materials, — Many products that cannot be ground 
because they absorb water readily or are pasty may be subdivided by 
quartering until a sample of the proper size is obtained. Such of these 
materials as are soluble in water may, after weighing, be put in solution, 
the whole sample being used for this purpose. Having been brought to a 
known volume, an aliquot portion of the thoroughly mixed solution may 
be taken for analysis. Other solvents may be used for other materials, 
and thus the same principle is utilized to secure analytical results. 



Fig. 1. — Taylor Crusher. 


Liquids with Solids in Suspension, — In handling products of this nature, 
it is necessary to mix them thoroughly and to withdraw the desired por- 
tion as rapidly as possible, in order that the sample may contain its pro- 
portional part of the solid matter. 

Garbage, Street Sweepings, Barnyard Manure, Etc, — These products 
may usually be conveniently sampled at the time that they are being loaded 
or unloaded by securing a shovelful from each full conveyor. When a suf- 
ficient quantity of the representative material has thus been secured, it 
should be thoroughly mixed, the larger pieces being reduced by cutting. 
The mixed product should then be quartered down until a sub-sample of 
sufficient size has been secured. 
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Fig. 4. — Iron Mortar. 


Fig. 5- — Iron Plate and Crusher. 



power mill (Fig. 6). When only a small quantity of the mineral is at 
hand, an iron mortar and pestle will answer very well for both crushing 
and grinding. If the final sample is to be dissolved in an acid for soluble 



FI®. 6. — Braun Pulveriater. 


materials only, it is made sufficiently fine to pass a sieve having circular 
openings mm. in diameter. The powdered mineral should be stirred 
with a magnet to remove all iron particles that may have been incorporated 
with It by abrasion of the implements employed in its preparation. If 
the original product contained magnetic material, this stirring treatment 
should be omitted. If a mineral analysis of the sample is to be made, 
it should be reduced to an impalpable powder in an agate mortar. 
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Commercial Fertilizers; Feeds; and Dry, Poivdery Materials in Bags, 
Barrels, or in Bulk, — For the sampling of products of this character, 
several sampling tubes have been devised, all built on more or less the 
same principles and each one having its advocates. Practical tests of 
several types of oiien and closed samplers^ have shown that there is 
little difference between the different types in regard to the reliability of 
the samples obtained and that the matter is largely one of convenience 
and the preference of the official in charge. 

Sampling Tubes. — One of the simplest samplers (Fig. 7) consists of a 
brass tulx^ about 30 inches long and i to i ?4 inch in external diameter, with 
a wall at least T/i6th inch in thickness. A slot inch wide is cut length- 

wise in the tube to about 3 inches from the handle, which is a piece of 
brass tubing about 4 inches long and inch in diameter, fitted and 
brazed on. The cut edges of the slot should be parallel to each other 
(not in line) so as to make the outer edges of the slot somewhat sharp. 
The point of the sam])ler is cut off at an angle of about 45^ and sharp- 
ened. When sampling, the bags should be horizontal or nearly so; the 
sampler should be inserted with the slot down so that it will fill as it 
enters with little disturbance of the contents of the bag, then turned with 
the slot up and withdrawn. If the sample does not flow out of the 
sampler it is easily removed with the end of a brush or spoon handle, 
and the . inside of the sampler is easily cleaned with a small, flat brush. 
It is generally carried in a canvas and leather case, similar to a gun 
case. 

The handle of the sampler can be made by bending the end of the tube 
in a semicircle, like the handle of a cane or umbrella, and by using a tele- 
scoi)ic case or scabbard made of tin or thin metal, enameled, with ferrule 
at end, the whole looks like a walking stick. 

Aluminum tubing may be used for the sampler but it is not so rigid as 
brass tubing. Steel tubing is stronger than brass but is apt to rust, 
especially when used for sampling fertilizers. 
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The Kellogg sampler, or “Horn” (Fig. 8) is similar to the sampler 
shown in Fig. 7, except that it is made in two sections to facilitate 
carrying. Each section has a slot that does not quite reach to its re- 
spective ends, and the point is protected by a removable cap. Only the 



Fig. 8. — Keilogfi; Sampler, or “Horn'’ 


left-hand edge is made sharp and for this reason when used the sampler 
should lie rotated to the right. The outside diameter of the tube is 
I 3/16 inches. 

The Indiana sampler (Fig. 9) consists of a brass tube within a tube, 
and it has openings Yz inch wide, which match each other. A turn of 
the handle revolves the inner tube, and an indicator on the handle shows 
whether it is open or closed. The total length is 36 inches, and the 
diameter of the outer tube is i inch. The sampler is inserted closed. 



Fig. 9. — Indiana Sampler. 


then opened; the bag is shaken and the sampler is closed and with- 
drawn. 

One of the tubes that has been found effective in securing represen- 
tative samples is made of stiff brass pipe about inches in diameter 
and 24-30 inches long, with a handle, or if preferred a cap, of the same 
material attached at the upjier end. A slot about % inch wide extends 
from a point about 3 inches from the handle to about V/z inches from the 
lower opening ; it is provided with a cutting edge so that when the tube is 
inserted in any container and rotated to the right, it will fill the entire 
length even though the product which is being sampled may be more or 
less moist. The lower part of the tube is cut off at an angle of about 
35° and it has a cutting edge. To provide for cleaning the tube, a large 
sized test-tube brush may be soldered to a piece of wire of sufficient di- 
ameter to preserve the proper rigidity when in use. 

Illustrating the Use of the Sampling Tube . — In sampling materials 
contained in sacks, the trier is inserted lengthwise of the container, 
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which should be tipi)ed to an angle; in some cases it should be in a 
horizontal position, particularly if the substance which is being sampled 
is in a dry, powdery form. In the case of hand-sewed sacks, the trier 
can usually be passed between the stitches. Most sacks, however, are 
machine sewed, thus necessitating the cutting of a few stitches, which 
should always be resewed after the sampling is completed. The sack 
itself should never be perforated. 

Proportion of Sacks or Containers to be Sampled. — In many of the states 
the method of securing samples of commercial fertilizers and cattle 
feeds is definitely prescribed by law, although many of the details are 
left to the control official in charge. The methods of the A. O. A. C. 
give the following directions: 

Each official sample sent to the laboratory shall consist of at least i pound of 
the material taken in the following manner; Use a sampler that removes a core 
from the top to the bottom of the bag. Take cores from not less than 10 per cent 
of the hags present, unless this necessitates taking cores from more than 20 bags, 
in which case take a core from 1 bag for each additional ton represented. If there 
arc less than 100 bags, sample not less than 10 bags; if less than 10 bags, sample 
all bags. Thoroughly mix the portions taken on a clean oil cloth or paper, reduce 
by quartering to the quantity of sample required, and place in an air-tight container. 

Sampling agents should always be provided with proper blank forms 
and labels for the purpose of keeping a full record of each sample. 

Mechanical Separation of Ingredients in Transit. — As a rule there will 
not be much segregation of the ingredients after a mixture has been 
made. There are exceptions, however, largely confined to fine, heavy 
ingredients and granular products of a somewhat coarse nature. Mem- 
orandum notes should always be made in such cases and should ac- 
company the sample. 

Preparation of Samples. — A detailed description of the processes to be 
followed in the preparation of such a variety of materials as usually 
comes to the attention of the average agricultural chemists is prac- 
tically impossible. The good judgment of the one in charge must point 
the way in securing reasonably satisfactory results. Patience and in- 
genuity will lead to the solution of the most intricate problems that 
may arise. 

Sub-divisions of Samples . — The extent to which a sample should be 
subdivided depends entirely upon its nature and the character of the 
examinations to be made. In general, it may be said that the finer the 
sub-division, the better the analytical results. However, unnecessary 
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grinding and sieving are objectionable owing to mechanical losses and 
the almost inevitable change in moisture content that takes place. The 
sample may be selected advantageously from a larger quantity of rea- 
sonably fine material by repeated quartering. Thus the final sample is 
kept to a small bulk. In sub-sampling materials having both fine and 
granular particles, particular care should be taken to see that the final 
sample secured is fully rei)resentative. In such cases a scoop having 
sides that are ])er])endicular to the bottom may be recommended. The 
use of such an instrument prevents the granular material from rolling 
off, as would be the case were a spatula or trowel employed in filling 
the bottle. 



Fig. io. — Coffee Mill. 


Mills for Grind htfj Saw pics . — Several iron mortars and pestles of as- 
sorted sizes will be found to answer most requirements even in large labo- 
ratories. They are inexjjensive and easily cleaned. The larger sizes may 
be used for crushing moderately large, hard pieces of at least i kg. in 
weight and the smaller sizes are used for the finer grinding (Fig. 4). A 
convenient crusher is the Taylor crusher, F'ig. i. A larger machine is 
the Simplex crusher, Fig. 2, and a still larger, requiring about i h.j)., is 
the Chipmunk crusher, Fig. 3. 

For larger laboratories one or more power-driven grinders are desirable. 
A commercial coffee mill, such as is used in retail stores, with two grinders 
attached to one electric motor, one for coarse grinding, the other for fine 
grinding, gives excdlent results with some materials, especially organic 
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materials. It is i)ossible to have the mill slightly altered at the factory so 
that it can be quickly and conveniently ojxined for cleaning after each 
sample is ground (Fig. lo). For grinding fibrous materials and organic 
matter, without grit, the Wiley mill has many advantages. It subdivides 
by cutting, rather than by rubbing and crushing, thus avoiding excessive 
heating of the sample. It also has removable screens or sieves and de- 
livers the samples sifted (Fig. ii). 



II -Wiley Mill. 


To assist in prej)aring samples consisting of or containing coarse litter, 
straw, fcxider, etc., a bagasse cutter, similar to a bread sheer or meat 
sheer, will be found convenient { Fig. 12). 

In the preparation of fertilizer samples. Methods of Analysis, A. O. 
A, C., gives the following directions: 

Pass the entire sample submitted to the chemist through a lo-mesh sieve prev- 
ious to its subdivision for analysis. Reduce the gross sample by quartering to a 
quantity sufficient for analytical purposes. Transfer to a sieve having circular open- 
ings 1/25 inch (i mm.) in diameter and sift, breaking the lumps with a pestle. 
Grind the portion remaining on the sieve until all particles will pass through. Grind 
and sift as rapidly as possible to avoid loss or gain in moisture during the operation. 
Mix thoroughly and preserve in tightly stoppered bottles. 
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Preservation of Sample . — Samples that are reasonably dry and that are 
not greasy, acid or caustic may be placed in tin boxes provided with screw 
or friction tops, or they may be placed in paraffined paper bags which are 



Fig. 12. — Bagasse Cutter. 


fitted into cardboard cartons to facilitate their shipment to the laboratory. 
All samples should be sealed before leaving the sampling agent’s hands, 
and as soon as they reach their destination they should be immediately 
transferred to suitable glass containers provided with air-tight stoppers 
and again sealed. Paper seals may be used to advantage at this point, 
but they should carry some identification marks that are not easily imitated. 
Samples should be kept in a dry, cool, dark room and under lock and key. 
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MOISTURE 

By Aijjkrt R. Merz, Ph.D,, Chemist, Bureau of Chemistry and Soils, 
f/. * 9 . Department of Agriculture, Washington, D, C, 

Water in Fertilizers. — Water is always present as a natural constituent 
of fertilizers, but the quantity varies considerably with different materials. 
At times it constitutes the larger portion of the product, holding in solu- 
tion or suspension the solid fertilizing as well as other ingredients. Oc- 
casionally it fills partially or wholly the interstices of a fertilizer consisting 
of a collection of solid components and having more or less wet exposed 
surfaces. Usually, however, the presence of the water is not manifest, and 
the fertilizer has every appearance of being a dry solid aggregate. 

Hygroscopic Water. — In common with most solids fertilizers possess 
the property, when exposed to the air, of attracting to their surfaces 
water vapor, which is always present in the atmosphere. This phenome- 
non, as a whole, is caMcd' sorption. When the water vapor is simply con- 
densed and forms a film upon the surfaces of the solid it is known as 
adsorbed water. If, however, in addition to the pure adsorption, there is 
a solution of the vapor within the interior of the solid itself the water 
thus imbibed is termed absorbed water. There appears to be some con- 
fusion in the use of the words absorption and adsorption, and many 
writers use either one or the other exclusively to designate the same 
phenomenon. In general, the water that a substance takes up from the 
air is known as hygroscopic water. It is customary, however, to s])eak of 
those substances as being hygroscopic which, at ordinarily prevailing at- 
mospheric humidities, attract sufficient moisture to become damp or, in 
the case of soluble solids, to show visible evidence of solution. This pro- 
cess of solution in condensed atmospheric water vapor is termed deliques- 
cence. 

The quantity of hygroscopic water which an insoluble substance will 
hold depends U[)on the physical and chemical nature of the material, the 
relative humidity of the atmosphere to which it is exposed and the tem- 
perature. In Table I are given the quantities of water which various 
commercial fertilizer materials were found to hold after exj>osure for 7 
days at 20.1® C. to atmospheres of different relative humidities.^ 

* Beaumont and Mooney, Ind. Eng. Chem., 17 . 636 (1025). 
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TABLE I. — Wato by Various Fkrtiuizkr Materials After 
Exposure to Atmospheres of Different Rela- 
tive Humidities. 

Water, based on oven-dry weight 

Material Relative humidities 



Per cent 

78 

Per cent 

8775 

Per cent 

97.5 


Per cent 

Per cent 

Per cent 

Cyanamide 

6.1 

13.0 

21. 1. 

Tankage 

12.8 

20.7 

277 

Ground fish 

lO.Q 

17.5 

20.1 

Bone meal 

0.2 

10.4 

16.I 

Cottonseed meal 

I.S 7 

22.0 

29.6 

Superphosphate 

4.1 

157 

29.6 

Calcined phosphate 

0.4 

■ 0.5 

1*5 

Rock phosphate 

2.8 

4-2 

6.7 


When a soluble solid is exposed to an atmosphere having a relative 
humidity greater than that corresponding to the vapor pressure of the 
saturated solution of the solid it will continue to abstract water from the 
atmosphere until the resultant solution reaches a dilution where its aque- 
ous vapor pressure equals the partial pressure of the water in the atmos- 
phere. Table II gives the vapor pressures at 25*^ » 30^ and 40^ C. of the 
saturated solutions of a number of fertilizer materials and the correspond- 
ing relative atmos])heric humidities.^ Exposure to relative atmospheric 
humidities above these values will cause these materials to deliquesce. 

Water of Combination and Constitution. — Some fertilizer products con- 
tain water of crystallization. This expression refers to the definite quan- 
tity of water which a substance includes when it crystallizes from aqueous 
solutions, e. g., Ca(NO;,) 2-4^20. Such solids are also called hydrates 
and are said to contain water of hydration. The term, water of hydration, 
however, has a variety of meanings. Thus it is sometimes applied to the 
indefinite amount of water which certain colloids contain when they sepa- 
rate in a gelatinous state from aqueous solutions, as well as to the water 
which combines with oxides to form hydroxides (acids and bases). On 
drying such a colloid the water passes off continuously with rise of tem- 
perature without any indication of the existence of a definite compound. 
This is not true, however, with hydroxides and with hydrates containing 
water of crystallization, in which the water appears to be an integral part 
of the molecule. The crystalline hydrates are frequently considered com- 
pounds in which the molecules of water are combined as such, whereas 
in hydroxides the water molecules lose their identity by combination with 
the oxygen atoms of the oxides to form hydroxyl groups. Water, how- 

' Adams and Merz, Jnd. Eng. Chem., ai, 305 (1929)' 
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soever combined in the molecules of the substance, is called umtcr of com- 
bination. That water, however, which is not supposed to exist as such, 
but which forms as a result of the union of hydrogen with oxygen or 
hydroxyl groups when a substance is decomposed by heat, is known as 
water of constitution. 

Occluded Water. — Fertilizer salts may also contain occluded zvater, that 
is water, or rather mother liquor, which has been mechanically entrained 
within the crystals during the process of crystallization. This water is 
frequently called water of decrepitation since, when heated, the crystals 
fly to pieces explosively as a result of its vaporization. 

Difficulties of Desiccation and Sources of Error. — From the preceding 
discussion of the states of water in fertilizers it is evident that the quantity 
of water which a given fertilizer contains varies with the conditions to 
which it has been exposed. As a consequence the composition of the fer- 
tilizer as a whole is likewise subject to changes. To compare the results 
of analyses which have been made directly upon samples taken at different 
times it is necessary, therefore, to calculate these results to a common basis 
of water content, or to bring the samples before analysis to a state where- 
in they all contain the same quantity of water. The problem is then pre- 
sented of the selection of this state. Some of the water, such as water of 
crystallization, must be considered an essential constituent of the ferti- 
lizer and should not be interfered with. The aim should be, however, to 
remove all water not inherent in the fertilizer ingredients. This water, 
which is uncombined and usually accidentally admixed or mechanically 
adhering to the fertilizer, is commonly termed “moisture.” It is custo- 
mary to free a material from its non-essential water by drying or desic- 
cating at, or slightly above, the temperature of boiling water until there 
is no further loss of weight. The difference in weight before and after 
drying determines indirectly the original moisture content of the sample. 
When the material contains so much uncombined water as to be liquid 
the greater part of the water is removed by a preliminary evaporation to 
so-called “dryness,” and the residue is then dried to constant weight in 
the manner just stated. The final weight in such case is used to express 
directly the “total solids” or “dry matter” in the original material. 

This method of determining moisture, apparently simple, is beset with 
many difficulties. It is sometimes impossible to remove the moisture by 
drying at ioo° C. without liberating simultaneously all or part of the 
water of crystallization of certain salts. Again, water of constitution may 
be set free and lost. There may also be a loss of other essential consti- 
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tuents from the fertilizer, either directly or as a result of decomposition. 
Furthermore, when certain organic ingredients are present oxidation and 
charring may occur. The presence of organic matter sometimes results 
also in the formation of hard clumps or of hardened films that retain mois- 
ture mechanically enclosed or, in the case of certain liquids, of viscous 
masses from which the water cannot escape. These are often absorbed 
in asbestos, sand, etc., with previous dilution if necessary, before they are 
dried. Lastly, in those cases where free sulfuric or phosphoric acid is pres- 
ent desiccation at such a tem]ierature is practically im|X)ssible owing to the 
highly hygroscopic nature of these acids in a concentrated state. Ex- 
amples of such untoward factors are the loss of water of crystallization by 
monocalcium phosphate and gypsum, of ammonium carbonate by manure 
and urine, and of ammonia by diammonium phosphate and guano. 

In addition to these sources of error, there is another involved in all 
methods wherein the material is deprived of its moisture and then weighed, 
because an appreciable increase of weight may take place during the pro- 
cess of weighing after the material has been transferred from the desic- 
cator to the balance pan. To minimize this increase in weight, due to the 
sorption of moisture from the atmosphere, two watch-glasses with ground 
edges (one covering the other and held by a clip), stoppered glass weigh- 
ing bottles, or flat-bottomed aluminum dishes with fit-over or slip-in lids 
are commonly used. No general method is suitable for the determina- 
tion of moisture in all materials; consequently an accurate determination 
can only be secured in many cases by a comparison of the results of a 
number of methods and even then it may be doubtful which, if any, gives 
the true result for the material examined. 

METHODS OF DETERMINING MOISTURE IN 
DIFFERENT PRODUCTS 

Drying at Low Temperatures and Ordinary Pressures. — The moisture 
content of materials is frequently, and often through necessity, determined 
by procedures which do not subject them to temperatures above those 
ordinarily prevailing in the lalx)ratory. The procedure most commonly 
used is to confine the substance in a closed space containing another sub- 
stance that has a greater power of removing moisture from the atmos- 
phere which surrounds them. Mention has already been made of the 
power of different substances of extracting water from the air. This 
power is greatly enhanced when the condensed water enters into chemical 
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combination with the substance. Compounds that exhibit this power in 
high degree are used as drying agents and are called desiccants. Desic- 
cants may be grouped in four classes : ( i ) soluble compounds that form 

saturated solutions with very low vapor pressures; (2) compounds that 
unite with water to form hydroxides; (3) compounds that combine with 
water to give crystalline hydrates; and (4) substances that react with 
water in other ways. To class i belong sodium and potassium hydroxides; 
sulfuric acid may also be properly placed here although it is miscible with 
water in all proportions; calcium oxide and phos])horus pentoxide come 
under class 2; examples of class 3 are calcium chloride and magnesium 
perchlorate; and metallic sodium and calcium carbide^ illustrate class 4. 
When the desiccating agent and the material that is to be dried are placed 
in the closed chamber (desiccator) moisture is withdrawn from the con- 
fined air by the former (desiccant) and given up to it by the latter. This 
process continues until a state of equilibrium is reached wherein all or 
pratically all the moisture has been removed from the material under ex- 
amination. 

Another procedure is to deprive air of its moisture by passing it through 
a tube containing a desiccant and then to pass the dried air over or through 
the substance whose moisture is to be removed. 

The following list includes, in the order of their desiccating power 
(activity), various substances that are used as desiccants: 

Phosphorus pentoxide.^ 

Magnesium perchlorate, anhydrous.^ 

Magnesium perchlorate, trihydrate. ‘‘ 

Potassium hydroxide, fused.'* 

Aluminum oxide.'^ 

Sulfuric acid, anhydrous.*’* 

Magnesium oxide.^ 

Sodium hydroxide, fused." 

Calcium bromide, anhydrous."’ 

Calcium oxide.^ 

Calcium chloride, anhydrous, granulated.® 

Sulfuric acid, 95.1 per cent.** 

Calcium chloride, anhydrous, fused.** 

Zinc chloride, anhydrous.*'^ 


^ McGee, W. J., /. Assoc. Official Agr. Chem., 1 , (1915); Clark, J. 0 ., Ibid.^ 4 , 48 

(19^0). 
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Zinc bromide, anhydrous.*^ 

Copper sulfate, anhydrous.* 

Anhydrous barium perchlorate has recently been shown to be a very 
satisfactory desiccant.^ Boric acid anhydride has also been recommended.^ 
When dehydrating agents that liberate a gas as a result of reaction with 
the water vapor are used, the closed chamber must have a vent for the 
escape of the gas. This vent should be provided with a mercury or other 
seal. 

The choice of a drying agent is determined by a number of considera- 
tions besides its drying activity or desiccating power. Among these are 
its drying capacity or the weight of moisture that it can take up jier unit 
of its own weight, its capability of being restored to its original })ower and 
capacity and the ease with which this can be done, its physical state 
(whether liquid or solid), its capacity for granulation, its cost, and its cor- 
rosiveness. 

Calcium and magnesium oxides have very small capacity for moisture. 
Potassium hydroxide is less easily handled than alumina although it is 
more easily pre])ared. Alumina, in comparison with sulfuric acid, is 
not subject to slopping, which may cause burns or other injury, and it 
can be reused frequently, for though it has a comparatively low capacity 
it can be easily reactivated. Anhydrous magnesium perchlorate has sev- 
eral times the capacity of phosphorus pentoxide, does not become sticky 
upon handling, can be reactivated rej^eatedly and is a neutral drying agent. 

Two forms of desiccators in general use are illustrated in Figs, i and 2. 
The Scheibler desiccator is adapted to the use of sulfuric acid as a drying 
agent, the shape of the lower iX)rtion being such as to limit splashing or 
spattering of the acid. The Friihling and Schultz desiccator, which is 
shown in the illustration with a porcelain desiccator plate on which are 
placed the vessels containing the substances to be dried, is suited to the use 
of solid desiccants, the large opening between the upper and lower sections 
facilitating the filling of the latter with the desiccant and also its empty- 

' Morley. E. W., Am, J. Sd., 34 , 199 (18S7); Am, Cheffu Soc., 26 , 1171 (1904); /• ‘ 
phys., 3 , 241 (i9«5)* 

2 Willard and Smith, /. Am. Chem. Soc., 44 , 225s (iQ-v). 

* Baxter and Starkweather, J. Am. Chem. Soc., 38 , ^2038 (1916). 

♦Dover and Harden, /. Am. Chem. Soc., 39 , 1609 (1917). 

♦Baxter and Warren, /. Am. Chem. Soc., 33 , 340 (1911). 

•McPherson, A. T., J. Am. Chem. Soc., 39 , 1317 (lOU)- 

^ Smith, G. F., Ind. Bng. Chem., X 9 , 41* <19-27)- 

• Walton and Rosenbaum, J. Am. Chem. Soc., SO, 1648 <i9-'8). 
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Fig. I. — Scheibler Desiccator. Fig. 2. — Friihling and Schultz Fig. 3. — Hempel Desiccator, 

Desiccator with Porcelain with Stoppered Tubulature. 
Desiccator Plate. 


ing. The Hempel desiccator,^ in which the drying agent is placed in the 
upper part where the aqueous vapor tends to concentrate owing to the 
decrease in density of air with its degree of saturation, is shown in Fig. 3. 
The use of this type of desiccator facilitates the rate of drying. 

Drying at Low Temperatures in Vacuum. — The speed of drying in a 
desiccator may be greatly increased by exhausting the air contained there- 
in. By this means the moisture diffuses more rapidly, and its rate of trans- 
fer from material to desiccant is hastened. The extent to which the ma- 
terial can be dried is not increased, however, since this is determined 
solely by the pressure of the water vapor in equilibrium with the desiccant. 
Vacuum desiccators are provided with tubulatures for connection with the 
vacuum pump. The Standardization Committee of the American Chem- 
ical Society recommends desiccators with the tubulature in the cover 
rather than the old-style vacuum desiccator with the tubulature in the side. 
In addition to vacuum desiccators of the three types described there has 
been recently introduced the Pyrex vacuum desiccator, which is made of 
extra heavy Pyrex glass with three glass lugs in the walls to supix)rt a 
desiccator plate; owing to its thermal resistance and mechanical strength 
it is the most satisfactory glass desiccator for vacuum. It is illustrated 
in Fig. 4 with a glass stopcock with a hook to hold a manometer as well 
as to direct the incoming air upward against the cover prior to opening, 


^ Ber., 23 , 3566 (iS9o)- 

® Cooke and Richards, Proc. Am, Acad. Arts Set., 3 , 159 (1887), 
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rather than upon the samples. In this way losses of material are pre- 
vented. The stopcock has been ground to fit the tubulature in the cover. 

A means of securing a high vacuum in a desiccator when only a water 
pump is available Has been published by Benedict and Manning.* This 
procedure may be briefly stated as follows : 

Place fresh concentrated sulfuric acid (al)out 150 cc.) in the previously cleaned 
and dried upper compartment of a Hcmpel desiccator. After introducing the material 
to be dried (in appropriate containers), and just before the cover is put in place, de- 
liver 10 cc. of pure anhydrous ether from a pipet upon the bottom of the desiccator, 
but do not allow it to come in contact with the material to be dried. Carefully adjust 
the cover, leaving the glass stopcock open. Connect the water pump immediately 
with the tube in the cover, and continue the exhaustion until the mercury mano- 
meter suspended from the hook in the desiccator shows from 40 to 60 mm. pressure. 
(A simple efficient manometer may be made from a 150 mm. length of small glass 
tubing sealed at one end and bent in a U-shape, and with the closed arm completely 
filled with clean mercury.) Close the stopcock, remove the tube connecting with 
the water pump and allow the desiccator to stand a few minutes, when a vacuum 
of from 4 to I mm. (or even less) is obtained. 

If the Stopcock and cover of the desiccator have been well fitted and 
well lubricated with a wax prepared by melting together 60-75 giams of 
l)eeswax, 15 grams of Venice turpentine and 15 grams of vaseline, the 
vacuum will hold indefinitely. The absorption of the ether vapor by the 
sulfuric acid may be considerably accelerated by so rotating the desiccator 

>v 4 m. Chem. Vf, 340 (190^*); Am. J. Physiol., 13 , 309 (1905). 
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held in the hands as to agitate the acid and moisten a larger surface of 
glass in the top compartment. The advantages of this procedure are : ( i ) 
the apparatus required is that already in use in many laboratories, (2) 
the time required to secure a good vacuum is reduced to a minimum. 

Drying at Higher Temperatures at Ordinary Pressures. — Drying of ma- 
terials at higher temperatures is carried out in various types of ovens. 
The simplest of these, illustrated in Fig. 5. is the single-wall drying oven, 
or air-bath, usually constructed of copper. The plate of the wrought 
iron stand, on which the oven rests, protects the copper bottom from the 
flame of the gas burner. One of the two o])enings at the top is for the 
thermometer, while the other is for ventilation or a gas thermoregulator. 
The vessels containing the materials to be dried are placed on the per- 
forated, removable shelves. 

The double-wall drying oven is similar in general appearance to the 
single-wall, I)Ut it has a space between the outer and inner walls which 
can be used as an air jacket or be partially filled with water or other 
liquids. When the latter is done, the oven is called an oil, steam, glycerol, 
etc., bath, according to the liquid used. Constancy of temperature in the 
double-wall drying oven is maintained by means of a gas theimoregulator 
or by using liquids with constant boiling points. Thus a glycerine-water 
solution of specific gravity 1.19 at 15^ C. will boil at 105° C. When the 
boiling point of a liquid serves to fix the temperature of the oven a con- 
denser is frequently attached to the upper vent of the jacket to reflux the 
boiling liquid. 

Within the last quarter century gas-heated ovens have been largely 
replaced in chemical laboratories by electrically heated ovens. They are 
usually equip[)ed with electric thermoregulators in order to maintain any 
temperature within a rather wide temperature range automatically. One 
of the more commonly used tyi^es of electric ovens (Freas) is pictured 
in Fig. 6. It is constructed with a double wall of heavy asbestos transite, 
the space between the outer and inner walls being filled with air-cell as- 
bestos. The frame, door and removable shelves are commonly made of 
cast aluminum. The heating element at the bottom of the oven, which 
consists of a wire-wound resistance plate, is easily removable. The open- 
ings in the side walls serve for ventilation and that in the top is for the 
insertion of a thermometer. The small electric lamp seen within the oven 
is used for illumination, and in conjunction with the small window in the 
door permits inspection of the interior without opening the door and re- 
sultant cooling of the chamber. The desired temperature is attained ap- 
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proximately by setting the pointer on the graduated temperature scale 
above the door, and final adjustment is made by comparison with the 
thermometer, which extends into the compartment. 



Fig. 6. — Freas Klectric Oven. 


Rapid drying may be accomplished by passing quickly through the ma- 
terial a relatively large volume of preheated air (or other gas). Fig. 7 
shows an electric oven (Spencer) that has been devised for drying in this 
manner. The air is drawn through the lower end of the central brass 
cylinder, into which there is fitted a heating unit consisting of an alundum 
core wound with resistance wire, and is deflected by the top of the copper 
cover down through the four tared capsules that hold the material to be 
dried. These capsules are usually constructed of aluminum and are closed 
at the bottom with monel metal filtering cloth. The passage of the air 
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downward through the material prevents losses that might otherwise occur 
through mechanical suspension in the air current. The air and water 
vapor finally pass out through the channeled cast iron base plate into the 
tube shown at the side, which is connected with a water pump or other 
means for suction. One of the two oj)enings in the top of the cover is 



Fig. 7. — Spencer Klectric Oven. 


for a thermometer; the other is for a thermoregulator if the latter is de- 
sired. Liquids may be dried in this oven by first absorbing them in f 
carrier. This procedure may be combined with the vacuum in order tc 
dry materials under reduced pressures in a current of heated gas. Tht 
passage of a current of dry air over samples being dried in any mannei 
greatly facilitates the removal of moisture. 

Extreme precaution should be taken in the use of electric ovens that 
are heated with the units within the drying chamber where known ami 
constant temperatures for drying are required. When using an oven ol 
the type shown in Fig. 6 MitchelF found variations in temperature 
high as C. in readings made every 5 minutes. Variations in tern- 

j)erature and differences in moisture results of samples placed in different 
parts of the oven indicated that no two places in the oven were heated 
alike and that the temperature was fluctuating continuously over a wide 
range. A similar condition showing the wide variation of temperature 
within an electric oven has l>een reported by the Bureau of Chemistry, 
U. S. Department of Agriculture, where it was observed that while a 


J. Assoc. Ojficiai A^r. Chem., 6 , 498 (i92<2). 
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thermometer in the center of the oven registered 100° C., a thermometer 
lying on the porcelain plate at the bottom reached a temperature of 
C. In a comparison of three electrically heated and controlled ovens, a 
gas-heated porcelain-lined oven, a gas-heated air-jacketed oven, a gas- 
heated constant-level water and steam jacketed oven, a steam- jacketed 
oven and a gas-heated constant-level water and steam- jacketed vacuum 
oven, Bailey^ found that only those ty]>es surrounded by boiling water 
and steam were capable of maintaining even approximately uniform tem- 
peratures. 



FiK- 8. — Vacuum Chamber Fitted into an Electric DryinK Oven. 

Drying at Higher Temperatures in Vacuum. — A vacuum is often used in 
drying materials at higher temperatures as well as at the lower tempera- 
tures. There are, however, additional advantages involved in the em- 
ployment of a vacuum in connection with a drying oven, besides that of 
merely increasing the speed of drying as in a desiccator. The temperature 
at which the drying is conducted may be lowered considerably below 
100° C. while still greatly reducing the time necessary for the moisture 
determination. The danger of charring is thus avoided and the pos- 

</. Jnd, Bng. Chem., B, 584 (19x4)* 
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Fii^. 9. — Mojonnier Electric Vacuum Oven. 


sibility of the volatilization of other constituents lessened. Further- 
more, the lower temperature and decreased oxygen pressure combine to 
limit oxidative effects. Fig. 8 shows a vacuum chamber fitted into an 
electric drying oven similar to that displayed in Fig. 6. The door of the 
chamber, which has been removed to disclose the interior with its shelves, 
has a central mica window that is reinforced by a heavy metal grid. This 
window permits observation of the chamber when the door has been 
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clamped into position since it is illuminated hy means of an electric lamp 
situated behind a similar mica plate at the hack of the chamber. 

An electric vacuum oven (Mojonnier) of different type than that just 
described is shown in Fig. 9. The temperature within the oven is con- 
trolled by means of the rheostat attached to the side. This oven, which 
is essentially an electric hot plate enclosed in a vacuum chamber, can be 
used as an air-drying oven by opening the vent on the door or as a hot 
plate when the door is opened wide. The heating units are enclosed so 
that explosive or inflammable materials may be dried with greater safety. 
The inside compartment is 7 inches wide and 8 inches high. 



Kir. 10. — Jlouble Wall Vacuum Oven. 


A double wall vacuum oven for gas heating, as used by the Bureau of 
Chemistry and Soils, is shown in Fig. 10. The shell is made of heavy, 
seamless-drawn brass tubing jacketed with an inch space. The oven is 
provided with a constant water-level arrangement and with openings for 
exhaust from the chamber, a thermometer and a vacuum gage, and is 
supported by an iron frame incased in sheet iron. It contains two copper 
perforated trays or shelves. The two brass pipes (perforated) extending 
through the head may be used to moisten the material within the oven. 
There are also two burners for heating. 
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Drying at elevated temperatures is sometimes conducted in an atmos- 
phere of a gas, such as hydrogen, nitrogen, carbon dioxide, or illuminating 
gas, in order to exclude the presence of oxygen. The vacuum ovens illus- 
trated in Figs. 8 and to are well adapted to such tests as it is only neces- 
sary to pass a current of the gas through the vacuum chamber. 

Miscellaneous Methods. — Many procedures for determining moisture 
depend upon other principles than the determination of the loss of weight 
upon drying. These methods, however, have not been applied generally 
in the estimation of the moisture in fertilizers, and mention only of them 
will be made here. They may be grouped in three classes: (i) densi- 
metric and rcfractometric methods, (2) methods involving the direct mea- 
surement of the water collected after its distillation from the sample, and 
(3) methods in which the moisture is determined indirectly by the mea- 
surement of the quantity of gas formed by the reaction of the water with 
specific substances. 

The densimetric and rcfractometric methods are commonly used in 
sugar work for the determination of total solids in sugar solutions. They 
are not applicable, however, to low-grade products such as molasses and 
other materials containing large quantities of non-sugar solids. The de- 
termination of total solids densimetrically may be made either by use of 
a spindle (hydrometer) or a pycnometer. 

The determination of moisture by distillation and direct measurement 
of the collected water has found extensive application in the Duvel-Brown 
method for grain^ and the Bidwell-Sterling method for various agricul- 
tural products,^ In the Bidwell-Sterling method the sample is distilled 
with toluol, and the water is trapped in a calibrated tube. 

A number of methods have been proposed involving the determination 
of the quantity of gas liberated by the reaction between certain added sub- 
stances and the moisture in the material under examination. Thus Zere- 
witinoff® advocated the treatment of the material with an alkyl magnesium 
haloid and measurement of the methane evolved, and Wilson* used mag- 
nesium nitride, absorbed the ammonia in water and titrated with standard 
hydrochloric acid. The McNeil® calcium carbide method in which the 
volume of the acetylene is measured directly was reported by Hilts® to 
have too many sources of error to make it valuable as an absolute method. 

* U. S. Patent 848,616. Brown and Duvel, March 26, 1907; Coleman and Boerner, U. S. 
Dejprt. Agr. Bull., 1376 , 1-44 (19^7). 1 

^Ind. Bug. Chem„ 17 , 147 (1925). 

Anal. Chem., 80 , 680 (1911). 

*y. Am. Chem. Soc., 43 , 704 (1921). 

»U. S. Dept. Agr, Bur. Chem. Cir., 37 

•/. Asso. 0 /hciai Agr. Chem., 8, na (1923)* 
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OFFICIAL METHODS 

The principles involved in the determination of moisture in different 
substances and the various general procedures followed in making such 
determinations having been discussed and outlined, a number of specific 
methods for the determination of moisture in fertilizers, most of which 
are considered official or have been legally prescribed as official methods in 
different countries, will now be given. 

United States 

The original method of the Association of Official Agricultural Chemists 
for the determination of moisture in fertilizers was as follows: 

(a) In potash salts, nitrate of soda, and sulfate of ammonia, heat 1-5 grams 
at 130"^ C. until the weight is constant, and reckon water from the loss. 

(b) In all other fertilizers, heat 2 grams, or, if the sample is too coarse to 
secure uniform lots of 2 grams each, 5 grams for 5 hours at 100° in a steam bath. 

This method, which was recommended for adoption in 1885,^ has un- 
dergone practically no change since that time, as may be seen by compari- 
son with the present official method.- 

Heat 2 grams of the sample prepared under “Preparation of Sample — Official,” 
for 5 hours in a water oven at the temperature of boiling water (gS^-ioo® C.). In 
the case of potash salts, sodium nitrate, and ammonium sulfate, heat at about 
130° C. to constant weight. Report the percentage loss in weight as moisture. 

The limitation of the time of heating to 5 hours is obviously for the 
purpose of reducing the effects of the various disturbing factors already 
mentioned or to obtain a balance between them. 

Owing to the varied nature of the materials used as fertilizers and in 
fertilizer mixtures, the analyst must exercise discrimination in his use of 
the official method and, in fact, of any other method for the determination 
of moisture in fertilizers. It would, for example, be folly to apply this 
method to diammonium phosphate, or mixtures containing it, and con- 
sider the loss in weight to represent water. 

International Methods 

The following methods were proposed by the International Commission 
for the Analysis of Commercial Fertilizers and Feeds for the determina- 


» U. S, Dept. Agr. Div. Cbem. Bull,, T, 14 (1885). 
* Methods of Analysis^ A, O, A, C 
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tion of moisture in commercial fertilizers and adopted by the Fifth Inter- 
national Congress of Applied Chemistry.^ 

Ten grams of the material are taken and dried at icx)° C. to constant weight; 
in cases where the fertilizer contains gypsum the sample is dried for 3 hours at that 
temperature. For potash salts the methods of the Kalisyndikat at Leopoldshall 
should be used. 

The method of the Kalisyndikat- for the determination of water in 
potassium chloride and other concentrated potash salts referred to reads 
as follows: 


Ten grams of the salt are heated for about 15 minutes at a low red heat in a 
covered platinum crucible over a small flame. In the case of salts containing mag- 
nesium chloride, loss of hydrochloric add as a result of decomposition of the mag- 


nesium chloride according to the equation MgCU -f- H2C) = Mg 


^OH 


+ HCl is 


avoided by mixing and covering the salt with freshly ignited lime or lead oxide 
The loss of weight, determined after cooling in a desiccator, corresponds to the 
water content of the sample. 


Germany 


The following methods of the Union of Agricultural Experiment Sta- 
tions in the German Empire are considered official in that country 


The loss of weight at about 100® is considered ordinarily as water or moisture. 

For some substances special directions are given as follows: 


Superphosphates and superphosphate mixtures. — For the moisture determina- 
tion 10 grams of the sample are heated 3 hours at 100°. The loss of weight is con- 
sidered as moisture. 

Hock phosphates . — Drying at should be used to determine the water content. 

In addition to these official methods, those of the Union of German 
F'ertilizer Manufacturers* are also extensively used : 

Conventional method. — For the determination of moisture about 10 g. are 
weighed out and dried in weighing glasses at 100° to constant weight. In the case 
of materials containing gypsum these are dried 3 hours at this temperature. The 
temperature must be kept closely. In the case of materials that contain other vola- 
tile substances, these are determined separately and their weight subtracted from 
the total loss of weight. In this procedure the chemically combined water of gyp- 
sum and of the calcium monophosphate is always partially included in the result. 

’ Proc. 5th internat. Cong. App. Chem., Vol. i, p. 228. 

* Laboratoriumsbuch fiir die Kaliindustrie, 2nd edit. L. Tietjens. Halle (Saale), 1924. 

^ Landw. VerSr Sta., 39 , 337 ( 1917 )* 

* Methoden zur Unter.suchung der Kunstdungemittel. Braunschweig. 1925. 
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The determination of moisture in the superphosphates should be carried out 
with these spread out in a thin layer in wide weighing glasses. 

For the determination of water in Chile saltpeter lo grams of the sample that 
has been ground and sieved as quickly as possible are dried for 2 hours at 130° to 
140®. 

For the determination of water in crude potash salts 10 g. are covered in a 
platinum crucible with a weighed layer of ignited lead oxide and heated at a dull 
red heat for 10 minutes over a small flame, the cover of the crucible being on. The 
loss of weight as a result of the ignition gives the water content; or 10 g. are ig- 
nited and the loss of weight is determined, the ignited mass is dissolved in water 
and the chlorine content ascertained by titration in order to determine how much 
magnesium chloride was decomposed by the ignition. The difference between the 
chlorine contents of the ignited and non-ignited sample is deducted from the loss 
in weight on ignition, consideration being taken of the amount of oxygen taken up. 
The difference is the water. 

To determine the moisture in lime fertilizers, 10 g. are dried 3 hours at 100°. 
For the determination of the water of hydration i to 2 g. of material are ignited 
in a combustion tube through which a current of dry air is passed and the water 
is caught in a weighed calcium chloride tube, or i g. of the material is ignited in 
a tared platinum crucible (with cover) for 5 minutes in a blast. The loss of weight 
is due to water, organic matter and carbon dioxide. The difference, after sub- 
traction of the amount of carbon dioxide as found by analysis, is considered as 
water. 

A method that is claimed to determine hygroscopic moisture only in 
superphosphates is that of L. Schucht.^ 

To 2 grams of the superphosphate sample in a 6 cm. glass dish with a pourout 
are added 20 cm. of absolute alcohol. The mixture is frequently stirred with a small 
glass or agate pestle and permitted to stand for an hour. Jt is then decanted upon 
a filter paper which has been previously dehydrated with absolute alcohol and ether, 
dried at 40^" C. and weighed. Suction is applied, and the contents of the dish are 
transferred to the filter paper, washed with alcohol and then with ether until the 
alcohol has been removed. 

The filtrate is evaporated on a water bath and dried in a drying oven at 120'’ 
C. until constant weight (a) has been reached, which requires about 3 hours. In 
order to get a constant weight it is necessary to place the container with its con- 
tents as quickly as possible in a desiccator after its removal from the drying oven, 
letting it cool there, and obtain a first approximate weight, then to repeat the dry- 
ing and weighing. 

The filter paper, with its contents, is placed on a tared watch glass, freed from 
ether in a drying oven at 40® C., and weighed (b). 

The percentage of moisture in the superphosphate is given by the equation : 

2 — (a + b) 

Percentage of H *0 = ^ X 100. 


* Die Fabrik&tioti des Superphosphates. Vcrcin Deutscher Dunger-Fabrikanten. Braunschweig. 
1926; Ealwratortumsbueh ftir Agrikulturchemiker. Gustav Metge. Halle (Saale), 1926. 
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This method avoids heating the monocalcium phosphate and gypsum in 
the superphosphate above 40° C. and thus driving off water of crystalliza- 
tion from these salts. 

An approximate determination of the dry matter in urine or liquid 
manure may be obtained by evaporating about 10 grams of the material 
upon the water bath and then drying the residue for 3 hours in a drying 
oven at 105° C. In this procedure, however, some urea is decomposed, 
and in the case of not entirely fresh urine the ammonium carbonate, which 
it contains as a result of the fermentation of urea, volatilizes. The escape 
of the ammonia can be prevented by the addition of a weighed quantity of 
tartaric acid^ (at most 5 times the weight of the total nitrogen contained 
in the sample taken for the determination )2 before the evaporation. When 
the weight of the added tartaric acid is subtracted after the heating the 
result is more accurate, because it is increased by the weight of the am- 
monia, which would have been volatilized without the addition of the tar- 
taric acid. 

The addition to stable manure of a solution of tartaric acid of known 
content so as to give it a slightly acid reaction likewise prevents the loss 
of ammonia in the drying of this material. The use of oxalic acid instead 
of tartaric acid has also been recommended to prevent the volatilization 
of ammonia in making moisture determinations. The employment of 
sulfuric acid, which is sometimes advocated, is not advisable because it 
may attack organic matter and any excess causes trouble in drying. Also, 
if the manure contains any nitrates or nitrites, loss of nitrogen results. 
This has not been found to occur when tartaric acid is used. 

Another method that is used when ammonia may be liberated from the 
material during drying is as follows 

Five grams of the material are weighed into a tared porcelain l>oat, which is 
then introduced into a glass tube passing through an oven. One end of the tube is 
connected with a tube containing calcium chloride or a flask containing concentrated 
sulfuric acid, which dries the air drawn through the train; the other end is con- 
nected with a bulb-apparatus which contains a known volume of a standard solu- 
tion of sulfuric acid (preferably one-tenth normal). Drying is brought about by 
drawing by suction a slow current of air through the tube, heated to 100° C., for 
I to 2 hours, or until the porcelain boat and its contents reacli a constant weight. 
The quantity of ammonia that has been driven off is determined by titration and 
subtracted from the loss in weight to obtain the actual moisture content. If am- 

* Stohmann, F,, Z. ana!. Cham., 3 , 197 (1864); Pfeiffer and Thurtnann, Landw. Vers. Sia., 
46 , 18 <1896). 

^Hugo Neubauer, Analyse der Diingemittel. Berlin, 1925. 

^ Stohmann, F., Anleitung aur quantitativen Analyse, 1857, p, 719. 
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monium carbonate is lost the ammonia absorbed in the standard acid is calculated 
to ammonium carbonate before the subtraction. 

A German procedure for the determination of moisture in Chile salt- 
peter or potassium nitrate is to heat the sample carefully in a covered 
platinum crucible to incipient fusion, after which it is allowed to cool in 
a desiccator and weighed,^ Drying 3 hours at 130° C., and drying to 
constant weight in a vacuum desiccator over phosphorus pentoxide^ are 
also methods recommended as giving accurate results with these salts. 
Although the odor of iodine is sometimes detectable when Chile saltpeter 
is thus heated, due to the reduction of potassium iodate, the iodine con- 
tent of this salt is said to be of no practical significance and not to in- 
fluence the result. E. Dinslage® claims that heating calcium nitrate in a 
platinum crucible for a short time over the low flame of a Meker or 
similar burner gives reliable results for the determination of water in this 
fertilizer salt. 


England, Scotland and Ireland 

The following method is prescribed by statutory order 

A weighed quantity of the sample shall be dried at icx)" C. 

Austria 

The Union of Agricultural Experiment Stations in Austria adopted the 
following as official methods on December 6, 1926 : 

In superphosphates. — Dry 10 g. 3 hours in a water-filled drying oven. State 
the loss of weight. 

In other fertilizers, — Dry 10 g. of the material in an air bath 3 hours at 120*^ C. 
The determination of water in phosphorites should be made according to established 
custom (dry 10 g. 3 hours in a water-filled drying oven). Potash salts must be 
heated 10 minutes at a low red heat. Salts containing MgCU require a layer of lead 
oxide spread over them. 

Norway 

The State Chemical Agricultural Stations use the method proposed in 
1924 by a committee appointed for the purpose of formulating uniform 
methods of analysis for fertilizers and feeds : 

5 g. of the substance are dried 4 hours at I03'’-I05® C. 

* Metge, G. Laboratoriumsbuch ftir Agrikulturchemiker, Halle, 1926,. 

* Koenig, J. Untersuckung landwirtschaftlick und gewerblich wichtiger^^Slggfitai^gr^, 

*Chem» Ztg,, 35 , 1045 (i9ii)« 

* Statutory Rules and Orders, No. 431 , 1928. London. 
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Sweden 

These instructions for determining water in fertilizers are included in 
the Royal Agricultural Board’s regulations relating to work at the state- 
subsidized chemical stations : 

In general the determination of water in fertilizer materials or the like is made 
so that after 3-5 g. of the sample have been weighed into a drying dish (of at 
least 5 cm. diameter and at most 2 cm. height) this is heated in an oven at 98^-103 
to constant weight or till the loss of weight after a two hour drying amounts to not 
more than 2-3 mg. The drying oven should be provided with an arrangement for 
sufficient ventilation. 

In potash salts the water content can be determined by ignition to about 500 
(scarcely visible, initial red heat). But since hydrochloric acid can escape when 
hydrous magnesium chloride is ignited, a correction must be made, in the case of 
salts containing magnesium chloride, for the loss of the hydrogen chloride in order 
to secure an accurate determination, for example by determining the chlorine in the 
sample before and after the ignition. 

Denmark 

The methods laid down for the examination of fertilizers in conformity 
with the State law include the following for the detennination of water : 

In superphosphates . — 5 g. are dried 3 hours at about 100°. The loss of weight 
is given as water content. 

In Thomas Phosphate meal, hone tneal, mineral phosphate (apatite, phosphorite 
or the like) and lime fertilisers . — 5 g. arc dried at about 100'’ to constant weight. 

In potash fertilisers . — 10 g. arc ignited in a covered platinum crucible at a dull 
red heat for 10 minutes. The loss of weight is given as water. In the case of salts 
that contain magnesium chloride determine the loss of chlorine caused by the igni- 
tion by a titration with o.i normal silver nitrate solution before and after the igni- 
tion. The loss minus the weight of the equivalent quantity of oxygen is subtracted 
from the loss on ignition before calculating the percentage water content. 

In Chile saltpeter, ammonium nitrate and ammonium sulfate. — 2-5 g. arc dried 
at alx)ut 100° to constant weight. The loss of weight is given as water. 

In organic nitrogenous fertilisers , — 5 g. are dried 3 hours at about 100*. With 
such fertilizers as may contain ammonium carbonate (e. g., guano, blood meal) 
carry out the water determination in the following manner: 

1-2 g. substances are placed in a small porcelain or platinum boat and dried to 
constant weight, the boat being inserted in a cylindrical glass tube which passes 
through the water bath with boiling water. A stream of air which has passed 
through concentrated sulfuric acid and dehydrated calcium chloride in order to free 
it from ammonia and moisture is drawn, during the entire drying process, over the 
material and then through o.i normal acid. The loss of weight of the substance 
weighed out is determined and from it is subtracted the weight of the ammonia 
taken up by the acid, the ammonia being calculated as ammonium carbonate. 
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Itat.y 

The Laboratories of the Italian Customs Department determine mois- 
ture in fertilizers in accordance with the following directions given in a 
Manual of Technological Analytical Chemistry:^ 

General Methods. — From 5 to 10 grams arc heated at 100" lo constant weight. 
Superphosphates and other products rich in gypsum arc dried in a boiling water 
oven for 4 hours. 

If the fertilizer has an alkaline reaction or it is feared that ammonia may he 
lost during ihe drying, as, for instance, with stable manure, the fertilizer (5 grams) 
is placed in a tared porcelain boat and this is introduced into a glass tube arranged 
in a suitable oven. One end of the tube is connected with a wash-bottle containing 
concentrated sulfuric acid and the other with a bulb-tube charged with 20 or 25 cc. 
0.1 N sulfuric acid. The oven is heated to 100"* and during the drying a slow cur- 
rent of air is passed through the glass tube. The boat is finally reweighed and the 
loss of weight diminished by the weight of ammonium carbonate corresponding with 
the ammonia absorbed by o.i N sulfuric acid. 

If the fertilizer has an acid reaction and il is feared that loss of volatile acid 
or changes rendering the estimation inaccurate will occur in drying, the fertilizer 
is first neutralized. To this end 5 grams are weighed in a weighing bottle, tared 
together with a thin glass rod. The mass is then moistened and neutralized with 
normal caustic soda solution. That neutralization is approaching is indicated by the 
ready clarification of the supernatant liquid and the exact point determined by touch- 
ing litmus paper with the rod. The liquid is then evaporated to dryness and the 
crust broken with the rod, drying being then continued for a further period of 4 
hours. Each cc. of normal caustic .soda added increases the weight of the dry matter 
by 0.022 gram. 

Special Methods. — xAmmonium Sulfate . — 5 grams are heated at 110-120° to 
constant weight. 

Sodium Nitrate . — As for ammonium sulfate. The nitrate may also be weighed 
in a crucible, heated carefully to incipient fusion, allowed to cool in a desiccator 
and reweighed. 

Potash Salts . — 10 grams are heated at a dull red heat in an open platinum cruci- 
ble for 10 minutes. If the salt contains magnesium chloride, it is covered with a 
layer of ignited quicklime. 

Water in Stable Manure. — 250-500 grams are dried at 70-^° for some hours 
and then left to cool in the air and weighed. The dried mass is then cut into small 
portions, chopped and reduced to a fine powder, which is thoroughly mixed again. 
10 grams of this are then heated at 105° until of constant weight, the total moisture 
being calculated. 

In order to avoid any loss of ammonia, the total water may be determined as 
indicated under “General Methods,” 

^ S«c Villa vecckia, V. Treatise on Applied Analytical Chemistry. Philadelphia, 1918. 
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Canada and India 

The methods of the Association of Official Agricultural Chemists for 
moisture determinations are used in these countries. 

Nlw Zealand 

The regulations under the Fertilizers Act, 1927,^ require that — 

A weighed quantity of the sample shall be dried at 100° C. to constant weight. 
^ New Zealand Gazette, No. 72 , 1928. 
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PHOSPHORIC ACID 

By William H. Ross, Ph.D., Senior Chemist, and Albert R. Merz, 
Ph.D,, Chemist, Bureau of Chemistry and Soils, U, S, 
Department of Agriculture, Washington, D. C. 

SOURCES AND PREPARATION 

The principal sources of the phosphatic materials that are used in fer- 
tilizers are hones, iron ores, guanos and mineral phosphates. 

The use of bones as a fertilizer is a practice of long standing, and their 
value in increasing crop yields was early appreciated in many dimes by 
many races of people. Although certain mineral phosphates are similar 
to bones in that they contain a high percentage of calcium phosphate, their 
value for fertilizer purposes was not recognized until about 1842. The 
utilization of basic slag recovered in the manufacture of steel from phos- 
phorus-rich ores was a development of a still later date. Guano was ex- 
tensively used in the early development of the fertilizer industry, but the 
supply is now relatively small. 

Since bones and basic slag are recovered as by-products in industrial 
operations, their production can not be increased independently of the 
principal product. The continuous increase in the demand for phosphatic 
fertilizers is therefore being largely supplied by the mineral phosphates, 
and the consumption of these materials is greatly in excess of the output 
from all other sources. 


BONES 

Fresh raw bones are composed mainly of moisture, alkaline earth phos- 
phates, fats and cartilaginous matter with small proportions of calcium 
carbonate and alkali salts. The bones of young animals contain more 
cartilage than those of old animals, but the reverse is true of their phos- 
phate content. The percentage of fat in the different bones of the body 
varies considerably, and the bones of mature animals contain more than 
those of partially grown animals. 

The fatty matter of bones decreases their value for fertilizer use be- 
cause it retards their decomposition in the soil and interferes with the 
absorption of water by plants. It is therefore usually extracted and used 
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for Other purposes. The cartilaginous matter is also frequently removed 
in the treatment of bones for fertilizer manufacture because it increases 
the difficulty of grinding the bones and is more valuable for the prepara- 
tion of glue than as a source of plant food. 

The most efficient process for removing the fat from bones consists 
in extracting with a solvent, such as benzine, having a boiling point be- 
tween loo^ and 133® C. The fat may also be removed by digesting the 
crushed bones with steam in a closed vessel at a pressure of 15-20 pounds, 
or by subjecting them to successive digestions with steam and extractions 
with hot water. This treatment removes not only the fat which separates 
out in a molten condition, but also the cartilage which passes into solution 
as gelatin. The two products may be separated by centrifuging or other 
means. Degreased and degelatinized bones may thus be prej)ared in one 
operation or in two sej)arate steps. 

Bone products appearing in the fertilizer trade are conveniently classed 
as follows: 

1. Ground raw bone. — This product is prepared by drying and grinding animal 
bones not previously steamed under pressure, and contains the whole of the ma- 
terial including fat and gelatin. 

2. Bone meal. — Bone meal differs from ground raw bone in that it has been 
treated with a fat solvent such as benzine. The fat content of the original bone 
has therefore been removed but the cartilage remains. 

3. Ground steamed bone. — This product is prepared by grinding bones that 
have been previously steamed under pressure for the purpose of removing the 
greater part of the fat and gelatin. It is usually ground to pass a 50-mesh screen. 
Its phosphoric acid content is more readily soluble than that of bone meal. 

4. Dissolved bone. — Dissolved bone is ground raw bone, or meal, that has been 
treated with sulfuric acid. This manner of treatment, which is much the same as in 
the manufacture of superphosphate from phosphate rock, was first tested out in 
Germany in 1841, at the suggestion of Liebig, and the following year it was applied 
independently by Lawes in England on a commercial scale. The use of sulfuric 
acid in the treatment of bone represents the first step in the development of a com- 
mercial fertilizer industry. Dissolved bone has not been regularly produced in the 
United States for a number of years. 

5. Bone charcoal. — Bone charcoal, or bone black, is the name given to the 
residue that remains after bones have been submitted to destructive distillation in 
an air-tight retort. In common with other charcoals it has a marked absorptive 
capacity and is used in the purification and clarification of sugar juices and other 
liquids. After long use as a clarifying agent it loses its effectiveness and is then 
said to be “spent.’* The spent charcoal contains a higher percentage of carbon than 
the freshly prepared bone charcoal. It makes an excellent raw material for the 
manufacture of phosphoric add or high-grade superphosj^ate. 
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6. Bone ash. — Bone ash is the mineral matter that remains after hones have 
been burned. Large quantities were at one time imported from Argentina and other 
South American countries where the practice formerly prevailed of l)urning bones 
for fuel. The supply at present has l)een largely exhausted. Bone ash makes an 
excellent superphosphate. It also finds a ready market in the manufacture of high- 
grade phosphoric acid and other phosphatic products. 

7. Precipitated bone phosphate. — Precipitated calcium phosphate is a by- 
product obtained in one of the processes now in use for the preparation of glue 

from bone. The bones are first degreased and then immersed for several days in 

a dilute acid solution such as 8 per cent hydrochloric acid. The mineral matter is 
dissolved by this treatment, but the cartilaginous matter is left undissolved. The 

solution obtained is transferred to a precipitating tank, and sufficient milk of lime 

is added to precipitate the phosphate in the solution as dicalcium phosphate. The 
precipitate is filtered off, washed to remove the calcium chloride and dried in a 
current of warm air. The dried product is in the form of a friable powder con- 
taining 30-40 per cent phosphoric acid (P 2 O&). 

Typical analyses of dififerent bone products are given in Table I. 

TABLE I. — Composition of Tvpicai. Sampi.ks of Bonk Products. 


Constituent 

Rnw 

bone 

Bone 

meal 

steamed 

bone 

1 Bone 

charcoal 

Bone 

aab 

Moisture 

Per cent 

8.0 

Per cent 

7.0 

Per cent 

13.5 1 

Per cent 

1 20.6 

Per cent 

17.4 

Organic matter 

36.1 

32.6 

9.9 ' 

Lime, CaO 

28.0 

29 Q 

40.0 ( 

[ 41.3 

\ 397 

Magnesia, MgO 

0.6 

I.O 

1.0 * 

i 1.5 

Phosphoric acid, P2O9 

21.0 

21.5 

30.1 

32.3 

32.6 

Carbonic acid, CO2 

1.2 

3.2 

0.5 

2.3 

0.8 

Alkali salts 

0.2 

0.2 

0.2 


0.8 

Silicious matter 

17 

I. a 

I.O 

2.6 

6.5 


IRON ORES 

Iron ores are divided into two classes, Bessemer and non-Bessenier, ac- 
cording to their phosphorus content. This classification was adopted at 
a time when steel was made by the acid Bessemer process, and no method 
was known for the removal of phosphorus. A phosphorus content in ex- 
cess of o.i per cent renders a steel brittle and undesirable for many in- 
dustrial purposes, and no ores that gave a pig iron containing more than 
O.I per cent of phosphorus could therefore be used. Practically all the 
phosphorus in the ore passes into the pig iron. A Bessemer ore is there- 
fore one which does not contain over 0.001 per cent of phosphorus for 
each per cent of iron in the ore. 

Basic Slag. — Attempts to utilize non-Bessemer ores by bringing about a 
removal of the phosphorus in the process of smelting proved unsuccessful 
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owing to the high reducing conditions necessary in the blast furnace for 
the recovery of the iron from the ore. A new process for converting the 
jpig iron into steel and simultaneously removing the phosphorus was finally 
developed in 1878 by two English chemists named Thomas and Gilchrist. 
This process, known as the basic Bessemer process, consists in lining the 
Bessemer converter with a basic lining composed of lime and magnesia, 
adding lime to the charge, and blowing a blast of air through the molten 
metal. The phosphorus in the metal is oxidized to phosphoric acid (PgOg), 
which in turn combines with the added lime to form a slag. This product, 
known as basic .slag, proved to be an excellent fertilizer. 

In the basic Bessemer process, the air that is blown through the molten 
charge supplies the oxygen necessary for the purification of the metal 
while the high temperature required is obtained from the combustion of 
the phosphorus, carbon and other impurities present. A relatively high 
proportion of phosphorus may, therefore, he desirable because it reacts 
with oxygen and serves to maintain the necessary temperature. 

The situation is somewhat different in the basic open-hearth furnace 
which is largely replacing the Bessemer converter. Here the heat is largely 
supplied from an outside source, and upwards of two-thirds of the oxygen 
required for the oxidation of the impurities is derived from the iron ore 
that is charged with lime into the heated furnace before the addition of 
the pig iron. The presence of phosphorus in the iron offers no advantage 
in this process and low-phosphorus ores are preferably used. This fact, 
coupled with the greater quantity of slag produced, makes the open- 
hearth slag as a rule inferior and more variable in composition than that 
produced by the basic Bessemer process. 

Basic open-hearth and basic Bessemer slags may also differ greatly in 
the availability of the phosphorus as measured by the citric acid test 
(p. 1 14). This difference is due to the practice that has been adopted in 
many open-hearth plants of adding fluorspar to the charge for the purpose 
of increasing the fluidity of the slag and aiding in the process of desul- 
furizing. The reduced solubility of the phosphoric acid in the slag is due 
to a combination of the fluorspar with the calcium phosphate to form arti- 
ficial apatite.^ 

Basic slags, as produced and marketed for fertilizer purposes, are clas- 
sified by RusselP into three groups: (i) High-grade basic Bessemer 
slags containing about 20 per cent PoOg (85 per cent or more citric acid- 


^ Bahibridge, Trgns, Faraday Soc,, 16 , 302 (1921). 
-Ibid., 16 , 263 (1921). 
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soluble) ; (2) open-hearth basic slags containing from 7 to 14 per cent 
PjjOo (85 per cent or more citric acid-soluble) ; and (3) open-hearth basic 
slags containing from 7 to 10 per cent per cent or less citric acid- 

soluble). 

A number of well-defined phosphate minerals have been found in basic 
slag, but the effective fertilizer component of this product is considered 
to be a complex compound of tetracalcium phosphate and monosilicates, 
of the general formula (Ca0)4P20r.. (R0)2Si02, RO being either CaO, 
MgO, MnO, or FeO.^ 

Table II gives the comiX)sition of some typical basic slags. 


TABLE II. — Composition or Basic Slags from DirrrRKNT Sources. 

Basic open Hearth 
Fluorspar Non-fluorspar 

/ Slag Slag 

/ Basic Be.ssemer ^ United United 



England' Germany' Canada^ 

Stnfe.s» 

Canada* 

States^ Canada* 


Per 

Per 

Per 

Per 

Per 

Per 

Per 


cent 

cent 

cent 

cent 

cent 

cent 

cent 

Lime, CaO 

49.40 

45.64 

42.57 

46.00 

55-50 

47.76 

47.25 

Magnesia, MgO 

3.97 

2.19 


7.43 


5.90 


Ferrous oxide, FeO 

7.89 

I.I3 1 






Ferric oxide, FcsOa 

7.44 

15 63 ' 

j 22.00 

10.72 

10.98 

17 - 3 I- 

14.24 

Alumina, ALOa 

1.06 

I.I7 






Manganous oxide, MnO 

4.61 

6.61 


2.27 


2.27 

5-67 

Sulfur, S. 

0.44 

0.13 






Sulfuric acid, SOa 

0.21 

0.31 


0.35 


0.40 


Phosphoric acid, PaOs 

18.38 

18.32 

16.85 

9.62 

1300 

16.60 

13.95 

Silicic acid, SiOs 

6.77 

7.61 

10.75 

22.96 

10.83 

8.96 

11.28 


* Feilitzen and Eugner, Chent, Ztg., 37 , 689 (1913). 

* Private communication, Dominion Iron and Steel Co., Sydney, N. S. 

® Private communication, Tennessee Coal, Iron and Railroad Co., Birmingham, Ala. 


The availability of the phosphorus in basic slag increases with the fine- 
ness of grinding and with the silica content and decreases as the fluorine 
content increases. According to Kaysser,'-* the availability is also ma- 
terially affected by the rate at which the material is cooled after being 
tapped from the furnace. Slags that are rapidly cooled are hard, but they 
show higher availability than those that are allowed to cool slowly in block. 

Considerable attention has been given to the problem of increasing the 
availability of phosphatic slags to which fluorspar has been added, but all 
attempts in this direction have so far been unsuccessful. Basic slag pro- 
duced by the basic Bessemer, process may be enriched by adding phosphate 


> Cf. Colclough, /. Iron Steel Inst., 107 , Part i, 267 (1923). 
* Chem^ Ztg., 44 , 826 (1920). 
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rock to the charge in the blast furnace or in the converter, but this is not 
practicable in the open-hearth process. Adding finely ground phosphate 
rock to the slag as it is tapped from the furnace for the purpose of bring- 
ing about a reaction between the rock and molten slag does not increase 
the availability of the phosphorus in the mixture sufficiently to make the 
process an economic one. 

The most effective method for enriching o])en-hearth slag involves a 
duplex treatment in the production of the slag. This process, which is 
applicable in the manufacture of low carbon, high phosj>horus steels, was 
develoi)ed by the only concern* in this country producing high-grade slag. 
In the first step of the process, the minimum quantity of lime required to 
give a high phosphorus content in the final slag is charged into the furnace 
along with scrap and ore. When this charge is brought to the proper 
temperature, blown metal from an acid converter is added to complete 
the charge and the molten metal is worked down to a suitable carbon and 
phosphorus content. (.)n tapping, a considerable ])ortion of the metal and 
most of the slag is left in the furnace. In the second step a large addition 
of blown metal is made to the furnace, causing a reaction and the transfer 
of a greater portion of the phosphorus from the metal to the slag. The 
furnace is then tilted, and as much slag as possible is taken from the 
fore-plate in front of the furnace. This slag is high in phosphorus and is 
handled se])arately from other slags. Lime and ore additions are then 
made to the furnace to form a new slag, and blown metal is added to com- 
plete the change. The metal is worked down to the specifications, tapped 
as in the first step, and the process is repeated. The production of slag 
by this process is limited by the demand for high-phosphorus steel. 

Table III shows variations in the availability of basic slag prepared by 
different methods. Availability tests on phosphate rock are also included 
for comparison. 

Wheeler*-' states that basic slag made without fluorspar is an effective 
souTce of phosphoric acid for use upon all kinds of soil and that owing 
to its free lime and carbonate content it is of si)ecial promise for the recla- 
mation of acid soils, particularly such as are rich in organic matter, like 
many marsh or muck soils. It has also proved very beneficial to clover, 
alfalfa and the grasses. Fluorspar slags give somewhat increased yields, 
but they are less effective than the more soluble slags.® 

* Tennessee Coal, Iron and Railroad Co., Birmingham, Ala. 

* U. S. Dept. Agr. Farmers Hull,, Tf (1905). 

» Rainbridge, Cartk^ie Fellowship Memoirs, 1919, j-6; 1920, 1-40; Russell, Trans, Faraday 
Soc., 16 , 263 (1921). 
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TABLE IlL- 


Matcrial 


Basic Bessemer Slag^ 

Basic Bessemer SlaR* 
Basic Bessemer Slag’ 
Basic Open Hearth Slag’ 
Basic Open Hearth Slag^ 
Basic Open Hearth 

P'luorspar Slag^ 
Basic Open Hearth 

Fluorspar Slag’ 
Basic Open Hearth 

Fluorspar Slag* 
Florida Rock Phosphate* 
Tunisian Rock Phosphate* 
Algerian Rock Phosphate* 


-Total and Citric Acid-Soluble PaOs in Basic Slags 
AND Rock Phosphate. 

Available PaO^ as determined 

. — by Wagner method using » 

5 gram i giam 

/ sample , sample 

Total Avail- Avail- 

PgOs PgOr. ability PoOr, ability 


Place of 
manufacture 



Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

Per 

cent 

England 

Belgium 

Canada 

Canada 

United States 

17.19 

14.24 

16.85 

12.96 

16.60 

14.64 
13.49 

16.65 
10.22 
13.37 

85.2 

94.7 
c) 8.8 

78.8 
80.5 

16.35 

13.68 

95.2 

96.1 

England 

9.20 

1. 61 

17.5 

1.68 

18.3 

Canada 

11.30 

1.80 

15.9 



United States 

9.62 

33.19 

26.21 

29.32 

6.60 

6.06 

10.05 

9.79 

68.6 

18.2 

38.3 

33.4 

20.88 

23.36 

24.22 

62.6 
89.1 

82.6 

C"hemi>.t, 1025, p. 

21. 






* Robert. son, 7'ratis. Faraday Soc., 16 , ..>91 (19*21). 
'‘Private communication, Dominion Iron and Steel 

* Private communication, Tennessee Coal, Iron and 


Co , Sydney, N. S. 

Railroad Co., Birmingham, Ala. 


Table IV gives the production of basic slag in the different slag-produc- 
ing countries throughout the world. 


TABLE Production of Basic Si.ag in Metric Tons.' 


Country 

191.3 

1Q16 

1910 

1922 

192.*; 

1926 

IQ 2 S 

Germany 2,702,000* 

1,800,000 

700,000 

1,178,92s 

1,315,000 

1.397.000 

1,639,000 

Belgium 

655,000 


380.000 

475.000 

545,788 

722,704 

955,625 

France 

730,000 


202,508 

611,820 

1,136,200 

1,224,412 

1 , 475,000 

Great Britain 

404, 0 (X)’ 

508,000” 

519,135' 

305.830 

269,252 

187,969 

221,498 

Luxembourg 

250,000 

232,338 

75.842 

375.900 

462,695 

528,386 

632.775 

Poland 

164,267 



40,009 

20,725 

71.568 

3,312 

Saar 

393 . 0 CO 



206,081 

250,000 

282,507 

329.983 

Sweden 

18,354 

13.258 

11.725 

7,527 

6,784 

12,430 

9.496 

Czechoslovakia 





138,241 

126,132 

154,932 

Canada 




8.330 

2,024 

4,393 


United States* 




14.744 

10,582 

19,438 

18,144 


* Intern. Yearbook, Agr. Statistic>, 1909*1921, p. 457; 1925-1926. p. 491; 1929-1930, p. 569. 

* Including Saar. 

* Including Ireland. 

* Private communication, Tennessee Coal, Iron and Railroad Co. 


GUANOS 

The word guano is derived from the Peruvian word ‘'huanu/' meaning 
excrement. The guanos of commerce may be conveniently divided into 
(i) bird guano or guano proper, (2) phospho-guano, and (3) bat guano. 
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Bird Efuano. — Bird guano is composed chiefly of the excrement and re- 
mains of fish-eating birds and was formerly found in great abundance in 
numerous arid islands off the Peruvian coast and in other maritime locali- 
ties. As now marketed it contains an average of about 12.5 per cent of 
nitrogen and about 10 per cent of phosphoric acid (P2O5). It is, there- 
fore, of more value as a source of nitrogen than of phosphoric acid, and 
is properly classed as a nitrogenous fertilizer. 

Phospho-gnano. — The phospho-guanos, on the other hand, contain only 
I to 2 per cent of nitrogen, while their PaOr, content may reach a maxi- 
mum of 40 per cent or more. The phospho-guanos were formed by 
weathering of the nitrogen-rich guanos and are found in localities where 
the rainfall is sufficient to bring about decomposition of the organic con- 
stituents of the guano and the loss of nitrogen as ammonium salts. Guanos 
high in phosphorus are found on islands off the west coast of South 
America and Africa, in some of the West Indian Islands and in the Gulf 
of California. 

Bat guano. — Bat guano is formed from the droppings and remains of 
bats. The largest deposits of this material are found in limestone caves 
in arid or semi-tropical countries, such as Mexico and South\vestern 
United States. Analyses of a large number of samples collected in Porto 
Rico showed a nitrogen content varying from practically o to 13.0 per 
cent and a P2O5 content ranging from less than i per cent to 41.58 per 
cent.^ 


TABLE V. — Composition of Guano. 


Con.stituents 

Peruvian 

gUAllO^ 

< — Phospho-guano^ — ^ 
Gulf of Curasao 

California Island 

Fresh bat 
guano, on 
dry basis^ 


Per cent 

Per cent 

Per cent 

Per cent 

Moisture 

2-35 

4.83 

9.33 


Organic volatile matter 

63.7s 

12.72 

4.28 

83.65 

Nitrogen, N 

17.03 

1.04 


10.25 

Phosphoric acid, P2O5 

9.09 

34.33 

34.83 

6.95 

Lime, CaO 

10.14 

37.36 

42.21 

2.36 

Magnesia, MgO 

2.6s 

1.76 

0.59 

1.40 

Ferric oxide, FesOs 

trace 

0.50 


0.38 

Potash, KaO 




3.85 

Alkali salts 

7.38 

5.54 

4.82 


Carbonic acid, CO2 


0.46 

3.05 


Sulfuric acid, SOa 




3iOO 

Silica, SiOa 

4.64 

1.69 

0.89 

0.16 

* Lambert, Bone Products and 

Manures, 3rd Ed., 

PP. 15 *» 154. 



* Gile and Carrero, loc. cit. 





^ Gile and Carrero, Porto Rico Agr. Expt. Sta. Bull., R 5 , i-66 (191S), 
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The average annual production of Peruvian guano during the past five 
years is in the neighborhood of 100,000 tons, of which about 20,000 tons 
were exported. The annual importations of Peruvian guano into the 
United States varied from a maximum of 163,662 tons in 1854 to about 
8,000 tons at the present time. 

The composition of a number of typical guanos is given in Table V. 

MINERAL PHOSPHATES 
Classification 

Phosphorus is found in nearly all igneous rocks and ranks twelfth in 
abundance among the elements of the earth’s crust. With one or two ex- 
cc[)tions of minor importance it exists in the mineral kingdom only in 
the form of phosphates, of which a large number are known. These phos- 
phates may be conveniently divided into two classes, crystalline and non- 
crystalline. 

The crystalline phosphates are limited in extent, and apatite alone of the 
minerals of this class has been used as a source of phosphoric acid. Apa- 
tite is a phosphate of calcium of somewhat variable composition, con- 
taining chlorine or fluorine, or both. Two varieties of the mineral, known 
as chlorapatite [Ca5(P04)aCl] and fluorapatite [Ca5(P04);<F], are rec- 
ognized. 

Apatite is found in all classes of rocks, but it occurs principally as veins 
or intrusions in igneous rocks. The largest deposits are found in Canada, 
Spain and Norway. Some of these deposits were formerly worked on a 
fairly large scale, but the cost of mining due to the irregularity and uncer- 
tainty of the deposits and to the hardness of the country rock has greatly 
decreased the production. 

Although apatite is of little application at present in the manufacture 
of phosphatic fertilizer, it is widely distributed in soils derived from igne- 
ous rocks, and being somewhat soluble in the percolating soil water it 
serves as an important source of phosphorus for growing crops. 

The amorphous or non-crystalline phosphates belong to a class of rock- 
forming minerals known as phosphorite or phosphate rock. They re- 
semble apatite in that they are phosphates of calcium and so far as known 
all contain fluorine. The phosphorites are by far the most important of 
the mineral phosphates, and the present production of phosphatic fertilizers 
from this source greatly exceeds that from all other sources combined. 

The origin of these deposits has been a matter of considerable specula- 
tion, and numerous theories have been advanced to explain their sources 
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and mode of formation. It is now generally agreed that the coproHtes of 
England are fossilized excrements of prehistoric animals and that the de- 
posits found on numerous tropical islands throughout the world are de- 
rived from the guano and remains of birds which fed on marine life. 
Opinions respecting the origin of the large deix>sits of the United States 
and Northern Africa are much more divergent. According to Clark^ 
they have their origin in the phosphates dissolved in sea water. These 
phosphates are deposited in the calcareous shells, bones and tissues of 
marine animals, and after the death of these animals become concentrated 
in the sediment at the bottom of the sea. The carbon dioxide formed by 
the decomposition of the animal matter assists in further concentrating the 
phosphates by increasing the solubility of the calcium carlionate with which 
the phosphate is associated. When any portions of the sea bottom in which 
these sediments have accumulated are elevated into land surfaces further 
concentration of the phosphate occurs through the relatively greater solu- 
bility of the associated calcium carbonate in the ground water. Leaching 
of the phosphates by percolating water also occurs w^ith formation of sec- 
ondary deposits as a result of the redeposition of the dissolved phosphates 
in the underlying limestones or in limestone caverns. 

Phosphate deix)sits may thus be formed by the direct accumulation of 
the bones, shells and excrements of animals, by secondary replacements, 
or by deposition from solution; and may undergo concentration by me- 
chanical washing and by removal of the accompanying limestone by leach- 
ing. 

The presence of fluorine in all phosphate deposits is thought to be due 
to the agency of percolating water carrying small quantities of fluorides. 
It occurs principally as a constituent part of the phosphate molecule, but 
it may be present as calcium fluoride. Analyses by Reynolds, Jacob and 
HilP of 56 samples of commercial rock from Florida, Tennessee, Idaho, 
Wyoming and Northern Africa showed a fluorine content varying from 
3.22 to 4.28 per cent. The results indicate that the ratio of F to PgOg in 
Florida pebble rock decreases with the increase in the P2O5 content of the 
rock, but that the ratio is approximately constant in different grades of 
Florida hard-rock, Tennessee brown and blue rock and Western phosphate. 
The Ocean Island phosphates as a rule contain a lower proportion of 
fluorine than the commercial grades from other sources. 


* U. S. Geol. Survey Bull., 491 , 500 

*/. Assoc. OiHcitti Agr, Ckem., II, 237 (192S); Ind: Eng, Chem.f 91 , 1^53 (1929). 
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Phosphate rock frequently occurs in association with calcium carbonate 
deposits, and the ratio of COj to PjO,, in rock samples may therefore vary 
in all proportions. Calcium carbonate may also occur in phosphate rock 
as a constituent part of the molecule. The composition of this com- 
pound and of the corresponding fluorine compound may be represented 
graphically as follows : 


Cao 


Ca< 


;:po. 

>CO. 


Ca< 

Ca,(POJ.,.CaCO, 


Ca,v 

>PO, 

Ca<^ 

F-Ca'^PO, 

Ca< 

Ca^ 

[3Ca,(PO,),.CaF,] 


Natural calcium phosphates also contain other complex compounds in 
which a part of the fluorine may he replaced by chlorine or the hydroxyl 
group. 

The ratio of calcium to phosphoric anhydride in all these compounds 
is greater than that corresponding to the normal tricalcium phosphate and 
so far as known no deposits of the tri-phosphate occur in nature. It is 
customary however in the phosphate rock industry to consider the calcium 
phosphate as tricalcium phosphate and to so represent it in the equations 
of chemical reactions involved in the manufacture of available phosphates. 

Magnesium is found in phosphate rock both as the carbonate and phos- 
phate, while sulfur is present as pyrite and calcium sulfate. 

Iron occurs in phosphates mainly as the phosphate. It may also l)e 
present as pyrite or in the form of oxides and silicates. Aluminum is 
also present as silicate but chiefly as phosphate. The presence of more 
than 2 per cent of combined iron and aluminum, expressed as the oxides, is 
considered objectionable in a phosphate intended for use in the manufac- 
ture of superphosphate, although rock phosphates containing as much as 
4-6 per cent of these oxides are actually being used for this purpose. 
Many phosphate deposits are known, however, which carry a combined 
iron and aluminum content greatly in excess of the maximum limit allow- 
able for superphosphate manufacture. This is particularly true of the 
phosphates occurring in the islands of Redonda and Alta Vela of the 
Lesser Antilles group. These deposits consist largely of the hydrated 
phosphates of iron and aluminum, particularly the latter. As the lime in 
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these phosphates is small, amounting to i per cent or less, they are not 
usually considered as belonging to the phosphorite, or calcium phosphate, 
class of rock-forming minerals. 

Redonda phosphate contains on an average about 38 per cent phosphoric 
acid (P-^Gp), 22 per cent alumina, 10 per cent iron oxide and 22 per cent 
free and combined water.^ Attention has been given to the possible utili- 
zation of this material by igniting it with alkali salts and other reagents 
for the production of alkali phosphates and aluminum compounds, but 
none of the methods so far proposed is sufficiently economical to compete 
with phosphate production from other sources. 

The principal phosphate dei>osits of the world, in decreasing order of 
importance, are found in the United States, Northern Africa, a number of 
tropical islands, and Europe. 

PHOSPHATES OF THE IN I TED STATES 

The principal phosphate rock deposits of the United States are found 
in Florida, Tennessee and the western states of Utah, Idaho, Wyoming 
and Montana. Deposits of less importance also occur in South Carolina, 
Kentucky and Arkansas. 

Florida. — The deposits of Florida have been exploited since 1888, and 
the output since that time has exceeded that of any other phosphate field. 
The phosphate rock mined in Florida is of three types, known as hard 
rock, land pebble and soft phosphate. 

The hard rock region lies towards the west side of the peninsula and 
extends in a north and south direction from Suwannee and Columbia 
Counties, to Citrus and Hernando Counties, a distance of over 100 miles. 
The rock occurs as nodules or boulders in irregular pockets which vary in 
size from a few square yards to several acres in extent ; it is hard and com- 
pact with a fine homogeneous grain and white or pale yellow in color. 
The beds vary greatly in thickness, ranging from five feet or less to up- 
wards of 50 feet. The percentage of P2O5 in run-of-mine rock ranges 
from less than 10 per cent to more than 30 per cent. The deposits are 
covered with an overburden of sand and clay varying from a few inches 
to 30 feet or more in thickness, and rest on a light-colored limestone of 
lower Oligocene age.^ 

The rock is mined by first removing the overburden with steam shovels 
and then digging out or dredging the phosphate thus exposed according 

‘Tate, /. Sac, Ciam. Jnd., 6, 570 (1886). 

*Waggaman, U. S. Dept. Agr. Bur. Soils BuU., 76 , (1911). 
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to whether the deposit is above or below the normal water table. Dry 
mining is performed by hand labor or with steam shovels and blasting is 
often resorted to. Dredge mining is more expensive because selective 
mining is then not possible and the cost of equipment is somewhat greater. 

The mined material is shipped in tram cars to the washing plant, where 
it is passed through a grating and subjected to such a rubbing, washing, 
and screening operation that adhering sand, clay and soft phosphates are 
separated from the rock and carried in suspension in the washing water 
to waste ponds at some distance from the plant. The washed material is 
passed in turn to picking tables where lumps of non-phosphatic materials 
are removed by hand and to rotary kilns where it is finally dried. The 
dried product is sold on a guarantee of 77 per cent of tricalcium phosphate 
with a maximum of not more than 3 per cent of combined iron and alu- 
minum oxides and 4 per cent of moisture. 

The marketable materials recovered in the washing process seldom ex- 
ceed 15 per cent of the total material mined. The remaining 85 per cent, 
consisting of sand, clay and fine particles of relatively high-grade rock, is 
discharged into the waste pond. This discarded material contains on an 
average about 10 per cent of P2O5. It follows, therefore, that the quantity 
of phosphoric acid lost in the refining of the phosphates must be about 
50 per cent greater than the quantity actually saved. 

The production of hard rock has decreased during the past two years, 
owing to the relatively high cost of producing a marketable product and 
to the competition of the North African fields. 

The pebble phosphates of Florida have been more extensively mined 
than any other source. Those that occur on river bottoms are known as 
river pebbles, while those that have not been exposed to the action of any 
water are called land pebbles. The principal pebble phosphate mines are in 
Polk and Hillsboro Counties, about 20-40 miles east of Tampa. 

The pebble phosphates are imbedded in a matrix of sand and clay some- 
what similar to that in which the hard rock is found, but the yield of 
product per ton of material mined is considerably greater than in the case 
of the hard rock phosphate. The workable deposits range in thickness 
from a few feet to upwards of 20 feet, with an average of 12 feet. These 
deposits are therefore more regular in their occurrence than those in the 
hard rock region. The overburden ranges from a few feet to 40 feet, 
with an average thickness of about 15 feet. The pebbles have rounded 
outlines produced by mechanical erosion, and range from small granules 
to pebbles about two inches in diameter with an average diameter of less 
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than I inch. They vary in color from light gray to black. 

The system of mining pebble phosphates differs from that employed 
in the hard rock fields in that the cheap hydraulic method is almost uni- 
versally employed. After the removal of the overburden, heavy streams 
of water are made to play upon the phosphate material, which is washed 
into a sump and sucked through pipes to the washing plant by means of 
centrifugal pumps. 



Fiji. 1. — Hydraulic Mining of Florida Pebble Phosphate. 

CoMrtcsy of the Coronet Phosphate Company. 

The washing and the screening treatment, to which the pebble phosphate 
is subjected in the refining process, is similar to that employed in the hard 
rock district but the nature of the material is such that the loss of phos- 
phate is much less. Several grades are marketed. The grade containing 
66-68 per cent tricalcium phosphate is used in the domestic trade, while the 
higher grades containing 75-77 per cent are shipped abroad. 

The Florida soft phosphates occur principally in association with the 
hard rock from which it may be recovered as a by-product in the washing 
process. This type of phosphate is a clay-like material which is plastic 
when wet but can be readily crushed to fine powder when dry. Lumps 
of the dried material readily disintegrate in contact with water, and as 
much as 65 per cent may be of a colloidal nature.^ Its alumina content is 

^ Jacob, HUl and Holmes, Colloid Symposium Annual, 7, 195*204 (1929). 
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too high to make it of practical application at present in the manufacture 
of superphosphate, but it has been used to some extent for direct applica- 
tion to the soil. There is still considerable difference of opinion, however, 
as to its economic value when used for this purpose, owing to the low 
availability of its phos])horic acid and its relatively high cost to the con- 
sumer. As placed on the market at present it contains about 20-25 
cent of phosphoric acid (PyOn). 

Tennessee. — ^The Tennessee deposits rank second in importance among 
the phosphate fields of this country. They occur in what is known as the 
Central Basin of Tennessee. 'Phe mines that are being worked at present 
occur in Lewis, Maury, Hickman, Davison and Giles Counties, but de- 
posits have also been mined in Williamson, Perry and Decatur Counties. 
These deposits are of three different types, known as the brown, blue and 
white phosphates. 

The brown rock occurs in rocks of Ordovician age. It is generally 
conceded that it is formed from phosphatic limestone by the leaching out 
of the more soluble calcium carbonate. The highest grade deix)sits are 
therefore found in localities such as the northwest region in Maury 
County where conditions are favorable to the leaching action of percolat- 
ing water. The rock consists of brown or gray plates which form beds 
ranging in thickness from a few inches to upwards of 25 feet, with an 
average of 6-8 feet. The thickness of the overburden varies greatly and 
may exceed that found in the Florida fields. 

The methods of mining and washing the Tennessee brown rock are 
similar to those employed in the Florida hard rock fields but the nature 
of the product is such that the loss of phosphatic material is much less. 

The brown rock of Tennessee is characterized by a higher iron content 
than the Florida rock. The better grades will analyze as high as 78 per 
cent tricalcium phosphate, but the average grade is about 72 per cent and 
contains approximately 5 per cent of the combined oxides of iron and 
aluminum. Some of the higher grade rock as well as lower grades con- 
taining a relatively high percentage of iron and aluminum are marketed 
for direct application to the soil. When used for this purpose the material 
is dried and ground to such a degree of fineness that a considerable j^ro- 
portion will pass a 300-niesh screen. Many experiments have been made 
on the agricultural value of the finely ground raw rock phosphate, and 
the work is still in progress. It has been found that best results are ob- 
tained when the rock is mixed in with the soil rather than simply broad- 
casted on the surface. The fineness of grinding and the presence in the 
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soil of fairly large quantities of organic matter are also important factors 
in determining the effectiveness of raw phosphate fertilization. It is gen- 
erally recognized, however, that ground phosphate, irrespective of the 
degree of fineness, is not so quickly available as the more soluble phos- 
phates. 

The most important blue rock mines are found in Hickman and Lewis 
Counties ; other deposits occur in the western part of Maury County. 

The blue rock is tough and granular and resembles limestone. It be- 
longs to the Devonian period and occurs in distinct strata which are blue, 
black or gray in color. The workable beds vary from to 4 feet in 
thickness. According to Hayes and Ulrich,^ these deposits were derived 
from the underlying Ordovician limestone and from the remains of marine 
life, which were considered to be more highly phosphatic, and they were 
subjected to less leaching action than were the brown rock deposits. 

The blue rock deposits are overlain by massive blue-black shale or slate, 
3 feet or more in thickness, which necessitates the adoption of under- 
ground methods of mining. The rock is mined by blasting and stripping 
around the face of the hill and by subsequently adopting the same opera- 
tions that are generally employed in mining any flat lying deposits that 
are covered with an overburden too thick to be economically removed. 

The texture of the blue rock prevents the removal of impurities by 
washing. The operations employed in the preparation of the material for 
market — mining, crushing and screening — are therefore different for the 
most part from those practiced in the Florida fields. Although some speci- 
mens of blue phosphate run as high as 80 per cent tricalcium phosphate, the 
average grade of rock is not usually more than 68 per cent. The com- 
bined iron and aluminum present is usually less than that in the brown 
rock. The iron is generally present in the form of pyrite. 

The white phosphates, like the hard rock deposits of Florida, occur in 
irregular pockets along with clay and other materials. They are there- 
fore not being mined at present. The deposits that were formerly ex- 
ploited occur in Perry and Decatur Counties ; they are all of a secondary 
nature and are supposed to be of comparatively recent origin. The three 
classes recognized are known as the stony, breccia and lamellar varieties. 
The last-mentioned is the richest of the three varieties and is the only one 
that has been mined commercially. It is considered to be somewhat higher 
grade than the Tennessee blue rock, but mining operations were discon> 
tinned in 1908 owing to the high cost resulting from the loose character 


* U. S. Geol. Survey, Columbia Folio W (i 903 )- 
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of the overlying clay, the hardness of the rock, and the uncertain character 
of the deposits. 

Utah, Idaho, Wyoming and Montana. — The phosphate deposits in the 
western part of the United States underlie immense areas in the section 
comprising southeast Idaho, western Wyoming, northern Utah and western 
Montana. The western phosphates are of the Carboniferous age and oc- 
cur in both Mississippian and Permian rocks. They differ materially in 
their physical properties and mode of occurrence from the other deposits 
of the United States, and most resemble the blue rock of Tennessee. The 
color of the rock is generally gray, brown or black. Its characteristic 
oolitic texture may be lacking when the grain of the rock has been de- 
stroyed by pressure. When struck, the rock yields a penetrating fetid odor 
like that of crude petroleum. There is no correlation, however, between 
the odor of the rock and its phosphoric acid content. The richer beds 
range from 2 to 9 feet in thickness and contain from 65 to 75 per cent of 
tricalciiim phosphate with less than 3 per cent of the combined oxides of 
iron and aluminum. The fluorine content of western rocks is much the 
same as that of the phosphate deposits in other parts of the country, 
amounting to approximately 3.5 per cent in marketable grades of rock. 
They differ from other commercial rock in that they contain from o.i to 0.2 
per cent chromic oxide (CrgOg) and from o.i to 0.5 per cent vanadium 
pentoxide (VgO.^). These constituents give a green color to solutions of 
the rock in sulfuric acid. Western rock is also characterized by a rela- 
tively high content of organic matter, as indicated by the analysis given in 
Table VII, which shows an ignition loss of 7.2 per cent. The moisture in 
the rock, as it comes from the mine, varies from 4 to 6 per cent. 

The western phosphate deposits are the most extensive yet discovered, 
but development has been limited owing to their great distance from the 
fertilizer market. The deposits so far developed are mined by under- 
ground methods. A considerable proportion of the rock contains such 
a high percentage of iron, aluminum and calcium carbonate as to make its 
use impracticable in the manufacture of supei*phosphate. 

South Carolina, Kentucky and Arkansas. — The phosphate deposits of 
South Carolina were first worked in 1868 and are thus the oldest phos- 
phate rock mines in this country. For many years they furnished the 
bulk of the supply of phosphate rock used in the United States and in 
many countries of Europe. The production decreased from a peak in 
1893 until 1922, when mining operations ceased altogether owing to the 
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exhaustion of the more readily available rock and to the marketing of 
higher grade rock from other sources. 

The South Carolina phosphate beds belong to the Tertiary Period, and 
according to Waggaman' have an average thickness of only about one 
foot. The rock occurs as boulders or nodules embedded in a matrix of 
sand or clay similar to the Florida hard rock, and a similar washing 
process is therefore i:equired to prepare the rock for market. The color 
of the rock varies from gray to black. 

The phosphate deposits of Kentucky and Arkansas are not generally 
regarded as of much economic importance, and no commercial production 
from these states has been reported since 1926. 

PHOSPHATES OP NORTHERN AFRICA 

The principal phosphate-producing countries of Northern Africa are 
I'unis, Morocco, Algeria and Egypt. In 1927 these countries produced 
approximately 53 per cent of the world's phosphate, and the United 
States produced alx)Ut 32 per cent; the remaining 15 per cent was divided 
among 22 countries. 

Tunis. — The development of the Tunisian phosphate deposits began 
about 1899. Production increased from 70,000 metric tons the same year 
to 3,074,950 tons in 1927. Tunis thus ranks next to the United States 
among the phosphate-producing countries of the world. 

The de|X)sits of Tunis are of Eocene origin and occur in strata from 15 
to 115 feet in thickness. The most im}K>rtant commercial deposits are in 
the vicinity of Gafsa, near the Algerian l)order. The Societe de Phosphate 
de Gafsa is the largest single x>roducer of phosphate rock in the world. 
The rock averages 58-68 per cent of tricalcium phosphate with 2 j^er cent 
of the combined oxides of iron and aluminium. The workable layers arc 
5 to 8 feet thick, and lie nearly horizontal under the hills on a level with 
the valleys at the sides. The rock is mined underground by the same 
methods that are used in French coal mines and requires no washing. As 
it comes from the mines it is slightly damp and is either dried in the sun 
or passed through rotary kilns. When the rock is shipped approximately 
50 per cent will pass a 60-mesh screen ; it is very soft, and the color varies 
from a light gray to brown. Efforts are being made to increase the quality 
of the rock by air concentration. 

Morocco. — The occurrence of phosphate rock in Morocco was not dis- 
covered until 1912, and development work did not begin until about 5 

» U. S. Dept. Agr. Bull. 18, i-is (xpu). 
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years later. The growth of the industry since that time has set a record 
that may not be surpassed, having increased from an output of 33,000 
tons in 1921 to 1,400,000 tons in 1927. 

The principal deposits are located in the central part of the northwest 
coast region al)out 60 miles from Casa Blanca, a seajxjrt on the Atlantic 
coast. The rock is gray, fragile and easy to grind; much of it is in pow- 
dered form and requires little or no treatment to prepare it for market. 
The beds lie near the surface and are said to total from 24 to 300 feet in 
thickness. The thickness of individual beds may exceed 8 feet. Large 
tonnages which contain 70 per cent or more of tricalcium phosphate are 
available.. The high quality of the run-of-mine rock and the low cost of 
mining and preparing the material for market account for the rapid de- 
velopment of the industry in this field. 

Algeria. — The Algerian deposits were discovered in 1873 and were the 
first to be developed in Northern Africa. They are a continuation of the 
Tunisian deposits and are therefore of the same general character and 
age. The most important mines are located near the town of Tebessa in 
Northeastern Algeria, about 100 miles from the Mediterranean Sea, but 
other important deposits at present unexplored are known to exist further 
inland. The phosphates in the Northeastern field occur in a basin-shaped 
deposit composed of five separate l)eds. The workable beds vary from 
about 2 feet to 9 feet in thickness and are chiefly mined l>y open cuts, 
although underground mining is also i)racticed. No washing of the rock 
is required as in the case of the Florida deposits, and preparation for the 
market consists merely in the simple oi)eration of drying and crushing. 
The Algerian rock ^averages ai)proximately 65 per cent of tricalcium phos- 
phate. 

Egypt. — Phosphate rock was first discovered in Egypt on the east branch 
of the Nile in 1897. Other deposits yielding a higher grade product have 
also been located near the coast of the Red Sea. The Egyptian de}X)sits 
are considered to belong to the Cretaceous age, and are therefore geologi- 
cally older than the deposits of Tunis and Algeria. They are similar in 
character to the other deposits of Northern Africa but vary more in thick- 
ness and general ap^xiarance. The Egyptian phosphates are light in color 
and sufficiently friable to be readily crushed. Deposits have been worked 
which contain as high as 75 \)er cent of tricalcium phosphate, but the mar- 
ketable grades usually range from 58 to 68 per cent tricalcium phosphate 
v/ith a combined iron and aluminum oxide content of 1-3 per cent. The 
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phosphorite obtained from the Kosseir deposits^ contains up to 72 per 
cent of tricalcium phosphate and 13-15 per cent of calcium carbonate. It 
is applied directly to acid soils in Italy as a source of both lime and phos- 
phoric acid. 


phosphate:^ op the tropical islands 

The principal phosphate-bearing islands are Nauru, Ocean, Makatea, 
Angaur, Gilbert and Ellice Islands in the Pacific Ocean, Christmas Island 
in the Indian Ocean, and Aruba and Curasao Islands in the Caribbean Sea. 
The phosphate deposits on these islands are the richest in the world, having 
a content of 80-88 per cent of tricalcium phosphate. It is generally con- 
ceded that these deposits, like the phospho-guano beds of Peru, had their 
origin in guano that was deposited by birds which fed on marine life and 
lived, bred and died on the islands. There is evidence that the islands 
have been submerged on several occasions, with the result that all soluble 
constituents in the guano were washed away, while the phosphates were 
fixed by the underlying coral formation in the form of high-grade calcium 
phosphate. The birds responsible for these deposits are now extinct, and 
the islands today are rarely visited by birds. 

Nauru is a small isolated island in the Southern Pacific, about 26 miles 
south of the equator. The phosphate deposit on this island has little or no 
overburden, and is almost pure white ; it is mined by pick and shovel and 
frequently has to be dug from around coral pinnacles. A deix)sit is usually 
abandoned after a depth of 20-30 feet between the pinnacles has been 
reached and before the phosphate has been exhausted, owing to the cost of 
mining to a greater depth. 

Ocean Island is about 200 miles southeast of Nauru Island and is about 
one-third its size. The phosphate beds extend to a depth of 50 feet and 
are usually covered with a light overburden. They are similar in grade and 
occurrence to those found on Nauru Island. 

The phosphates of Christmas, Makatea, Angaur and Caraqao Islands are 
also similar to those of Nauru Island, but they are slightly lower grade, 
averaging about 80 per cent of tricalcium phosphate. The first of the 
islands mentioned is in the Indian Ocean, about 190 miles southwest of 
Java; the second is a small island of the Society group, about 120 miles 
north of Tahiti ; the third is one of the Pellew Group, about 800 miles east 


^ Chiappelli, Girn. risicoltura, 10 , 156 (1928); 19 , 171 (1929). 
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of the southern end of the Philippine Islands ; and the fourth is an island 
of the Dutch West Indies. 

PHOSPHATES OF EUROPE 

The principal phosphate-producing countries of Europe are France, 
Belgium, Russia and Spain. All the European deposits are too low grade 
to compete successfully in international commerce with the higher grade 
phosphates found in other parts of the world. At one time during the 
early history of the fertilizer industry, Belgium, England and France pro- 
duced a considerable tonnage of low-grade rock for use in the manufac- 
ture of superphosphate, but the industry in these countries has since greatly 
declined or ceased altogether. 

The Belgian deposits occur either as nodules embedded in a matrix of 
clay or as beds of phosphatic chalk in Tertiary and Cretaceous strata. 
The grade of rock now available averages only 40-45 per cent tricalcium 
phosphate and is therefore not suitable for direct use in the manufacture 
of superphosphate. A small tonnage, however, is used for this purpose 
after mixture with the proper proportion of high-grade rock from other 
sources. The phosphates of France are similar in grade and occurrence 
to those of Belgium and are used in a similar way. 

The phosphates of England are of interest in that they owe their origin 
to the excreta of prehistoric animals. The most productive beds are 
from 8 to 12 inches thick and consist of dark brown or black nodules. 
The average grade of this phosphatic material, known as coprolite, is below 
50 per cent and it contains too high a percentage of iron to be used in 
superphosphate manufacture unless it is mixed with higher grade material. 

The deposits of Spain, and particularly of Russia, are more extensive 
than those of the other European countries, but all are classed as low 
grade, and the produccion is relatively small. 

World Production of Phosphate Rock 

The production of phosphate rock in the United States exceeded that 
from any other source from 1888, when the Florida fields were developed, 
until 1922, when North Africa took the lead. Table VI shows that the 
output at present from the North African fields exceeds that fyom all other 
sources combined. 
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TABLE VI. — WoRi.D^s Production of Phosphatk Rock.’ 


(In metric tons) 


Country 

1900 

1910 

* 9*5 

1 Q20 

1925 

1928 

Florida 

652.63s 

2,062,375 

1,433.895 

3,423.463 

2,976,990 

2,929,746 

T ennessee 

458.09s 

447.722 

389.994 

645.037 

484.734 

586,362 

South Carolina 

420,682 

204,580 

79,804 

44,849 

2,181 


Western States 





73,797 

41,521 

Other States 

20830 

10 258 


56,502 



United States 

1,55^.242 

2,724.985 

1.903,692 

4,1^)9,851 

3.537,702 

3,557,629 

Tunis 

171,288 

1,286,262 

1,389,074 

1,075,180 

2,691,000 

2,789,000 

Morocco 





692,181 

1 , 337.100 

Algeria 

270,920 

319,0^)9 

225,891* 

502,931 

815,116 

875.947 

Egypt 


2,397 

82,998 

114.813 

106,808 

200,563 

Africa 

442,208 

1,607,728 

1.697.963 

1,692,924 

4.305.105 

5,202,610 

Nauru and Ocean Islands 

310,625 

92,000 

300,000 

478,278" 

509.971' 

Gilbert and Ellice Islands 




213,405' 


Christmas Island 


310,625 

24,118 

70,690 

111,829* 

113.68/ 

Makatea Island 



71.724 

30,otx)* 

81,061* 

I36,f)0t>* 

Aruba and Curasao Island (•') 

31.408 

83.915^ 

61,486 

81,77 c 

104,194* 

Angaur Island 


45.000 

30,000 

30,000 

60,963 

65,000 

Other Islands 

2,230 

6,816 

15.714 

30,187 

24.193 

32,597 

Ocean Islands 





1,051.500 


Belgium 

213,670’ 

202,880 

16,350 

133.040 

15.125 

15.510 

France 

587,919 

333.506 

145.000 

124,930 

225,565 


Russia 

25,663 

15.293 


375 

36,oe)7 

75.000 

Spain 

4.170 

2,840 

9,080 

42,896 

5.315 

7.897 

Other Countries 

930 

903 

1,901 

6,861 

2,834 

22,859 

Europe 

8.34.352 

555.422 

172,331 

308,102 

284,906 


Asia 


1,042 

57.723 

1 10,540 

119.115 

79.223 

'Mineral Ind., 1902, 

p. 516; 1906, 

p. 638; 1913, p. 575; 

* 9 * 7 , P. 517; * 9 * 8 , P. 

553; *9^-2, 


p. 553; i9*23f p- s-27; 19^6, p. 512; 19^8, p. 47^; 1929, p. 483. 

* Statistics not available. 

® Cubic meters. 

* Exports. 

‘‘Exports (luring fiscal year ending June 30 of year named. 


Composition oe Rock Phosphate 

In Table VII analyses are given of representative samples of phosphate 
rock from different sources. Many of the results given for fluorine are 
open to question, because it is now known that the methods in use at the 
time the analyses were made gave low results. 
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TABLE VII. — Composition of Mineral Phosphates. 


Constituent 

A 

B 

c 

D 

E 

K 

G 

H 


Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Percent 

Percent ] 

Per cent 

Moisture 

1.46 

0.72 


none 

1,90 

1. 10 

1.25 

0.28 

Cornbined water and 








organic matter 

3.39 

3.28 

4.90 

2.78 

1.83 


7.20 


Phosphoric acid, P2OB 

38.24 

27.27 

30.01 

35-11 

31.09 

35.51 

32.00 

3924 

Lime, CaO 

52.38 

46.13 

48..S5 

52.60 

44.77 

42.80 

44.20 

.S5.70 

Magnesia, MgO 

1.35 

2.02 

1.04 

0.40 

1. 00 

0.30 

0.47 

0.20 

Ferric oxide, FetrOs 
Alumina, AbO* 

1 1.01 

2.59 

{ 0.60 
i 0.85 

0.30 

0.50 

1.42 

2.13 

2.75 

1.70 

0.53 ( 
1.20 ^ 

0.72 

Potash, K2O 



0.14 

0.14 

0.28 


0.14 ( 

- 

Soda, NaX) 



1.48 

0.62 

0.^0 


0.42 s 

O.oO 

Chromic oxide, CrsO; 

i 





0.07 


Vanadium pentoxide, 

v..(:)b 






0. 16 


Carbonic acid, CO2 

1.69 

6.70 

431 

2.50 

3-32 

1.65 



Sulfuric acid, SO3 



325 

1.21 

1.36 

J.89 

1.78 


Chlorine, Cl 



o.t 6 

0.0 1 


0.65 

Fluorine, F 



0.98 

243 

3-53 

149 

1. 10 

3.10 

Silica, etc. 

0.28 

8.12 

4.20 

2.32 

7.85 

4.70 

5 60 

0.06 


A. Makatea I.sland l*hosphate~- Hobertfeon, /. Af/r. Sci., 8 , 16 (1916). 

B. Algerian Phosphate, ibid. 

C. Tunisian Phosphate — Berthon, lyCS Reserves Momliales en Phosphates, p. 630. Grafi .as 
Keunklas, S. A., Madrid. t9*’8. 

I). Morocco Phosphate, private contmiinication. 

K. Florida PeVible Phosphate, analysis by authors. 

F. Tennessee lb own Rock, private communication. 

G. Western Rock Phosphate, ibid. 

H. Canadian Apatite — Spence, I,es Reserves Mondiale.s en Pho.spbate.s, p. 6.S4. Graficas 
Rennidas, S. A., Madrid. i9-?8. 


World Reserves of Phosphate Rock 

An estimate of the reserves in the principal phosphate deposits of the 
world is given in Table VlII. The figures indicate that the United States 
has about 38 per cent of the total world reserves and about 60 per cent 
of the world’s reserve of phosphates containing more than 60 per cent of 
tricalcium phosphate. 

At the Fourteenth International Geological Congress at Madrid in 1926, 
estimates were submitted for the phosphate rock reserves of various coun- 
tries in Europe, Africa and Asia. These estimates differ greatly from 
those given in Table VIII. Thus the pho.sphate rock reserves for Spain 
and Russia in Europe are reported to be respectively, 263,000,000 and 
15,839,000,000 metric tons; for Japan, 25,078,000 metric tons and for 
Morocco and Tunis in Northern Africa, 300,000,000 and 451,000,000,000 
metric tons.^ 

' Lts Reserves Moiidiale.s en Phosphates, pp. 35, 43, 57. Graficas Reunidas, S. A. Madrid, 
19^8. 
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TABLE VIIL— World Reserves oe Phosphate Rock.’ 
(In metric tons) 


Country 

Reserves 


Estimated 

tries Icium phosphate 
content 

Idaho 

Montana 

Utah 

Florida 

Wyoming 

Tennessee 

Arkansas 

South Carolina 

Kentucky 

5.169,257.000 

397,584000 

33 L 973 »ooo 

298,704,000 

1 1 7,.S94.0(X> 

85.300.000 

20.320.000 
8,941,000 

892,000 


Per cent 

United States 


6,431,000,000 

60-70-4- 

Algeria 

1.452,000,000 


5 ^ 

Morocco 

1,400,000,000 


70-78 

Tunis 

1, 000,000,0a) 


58-68 

Egypt 

179,000,000 


60+ 

Northern Africa 


4,000,000,000 

60—78 

Nauru Island 

100,000,000 


80-88 

Ocean Island 

50,000,000 


80-88 

Makatea Island 

10,000,000 


8 o 4 - 

Angaur Island 

3,000.000 


80-f- 

Rasa Island 

3.000,000 


75 

Pacific and Ocean Islands 

166,000,000 

75-88 

Palestine 

Total High-Grade Rock 

4,oco,ooo 

10,622,000.000 

47-80 

Russia 

5,568,000,000 


Less than 50 

Spain 

Europe 

10,000,000 

5,578,000.000 

Less than 50 

Siberia 

667,000,000 


Less than 50 

Japan 

Asia 

Total Low-Grade Rock 

3,000000 

670,000, ax) 

6,248,000,000 

Less than 50 


* Mansfield, World Conditions as to Mineral Raw Materials for the Fertilizer Industry, 
pp. 94’^* National Fertilizer Association, Washington. 1926; Waggaman and Easterwood, Phos- 
phoric Acid, Phosphates and Phosphatic Fertilizers, pp. 87-9. The Chemical Catalog Co., New 
York. 1927. 


Processed Rock Phosphates 

The different processes that are used or have been proposed for increas- 
ing the availability of phosphate rock as a fertilizer may be conveniently di- 
vided into two classes, ( i ) those in which the rock is treated with an acid, 
and (2) those in which the rock is calcined with an alkali or alkaline earth 
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salt. The principal products formed by treatment with acid are sui)er- 
phosphate, double superphosphate and precipitated or dicalcium phosphate. 
The products formed by calcination are sold under trade names such as 
‘‘Tetraphosphate/' ‘‘Rhenania Phosphate” and “Calcined Phosphate.” 

StiPRRPHOSPHATlS 

The preparation of superphosphate by treating bones with sulfuric acid 
was first proposed by Liebig in 1840. The process was later extended to 
include the mineral phosphates in a British patent [Brit. Pat. 9353 (1842)] 
granted to Lawes in 1842. The commercial development of the process 
was immediately undertaken by Lawes, and the following year production 
of superphosphate began at Deptford, England. The most available phos- 
phorite deposits known at that time, the coprolites of Suffolk and Cam- 
bridge, were the first to be used in the manufacture of superphosphate. 
The industry developed with the discovery of new and richer deposits in 
other parts of the world, until at present the world ])roduction of sujxjr- 
phosphate greatly exceeds that of all other phosphatic materials combined. 

The manufacture of superphosphate in the United States began at Bal- 
timore about 1850.^ This fertilizer material soon became and still con- 
tinues to be the basis of the fertilizer industry in this country, amounting 
to upwards of 50 per cent of the total fertilizer consumption. 

The manufacture of superphosphate is a comparatively simple process 
and consists essentially in treating the' ground rock with sufficient sulfuric 
acid to convert two-thirds of the calcium present into calcium sulfate, 
leaving the remaining one-third combined with the phosphoric acid as 
soluble monocalcium phosphate. The principal steps in the process con- 
sist in grinding the rock, mixing with a proper proportion of the acid, 
curing, and drying if necessary. 

In the present practice of manufacture the rock is usually ground so 
that 80-90 per cent will pass a lOO-mesh screen. This degree of fineness 
is easily obtained with present grinding equipment provided the moisture 
in the rock is within the limits specified for satisfactory grinding. This 
limit varies with rock from different sources. In the case of Florida rock 
the moisture content should be reduced below 2 per cent, whereas phos- 
phates from Northern Africa and the Ocean Islands may be ground with 
a moisture content as high as 5 per cent. The fineness to which the rock 
is now ground has been considerably increased over that formerly used. 
This is made possible by the increased efficiency of the present grinding 

* Twelfth Census of the U, S., 10, Part 4 . p. S^a. 
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equipment. Exiierience has also shown that increased fineness of grinding 
brings about a saving in the quantity of acid used, increases the speed of 
the reaction between the acid and the rock and improves the mechanical 
condition of the resulting product. 



2 . — Acidulating Machinery and Concrete Silos for the Manufacture of Superphosphate. 

Courtesy of the Southern Affricultural Chemicul Corporation, 


In the mixing operation a definite weight of finely ground rock and 
a predetermined quantity of 50^-55° Be. sulfuric acid are usually charged 
simultaneously into a mechanical mixer of such construction that a thor- 
ough mixing of the reacting materials is effected within a period of 1-2 
minutes. The resulting mixture is then quickly dumped into one of a 
series of concrete dens holding 100-400 tons each. 

Reaction between the acid and ground rock begins immediately on 
mixing and continues with evolution of carbon dioxide, steam, silicon 
fluoride, hydrofluoric acid, and other gases after the mass is discharged 
into the den. The free water in the acid is absorbed at the same time by 
the calcium stilfate produced in the reaction to form the hydrated salt 
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containing 2 molecules of water. This causes the slurry-like mixture dis- 
charged into the den to thicken quickly and ultimately set to a compar- 
atively dry, pulverulent product. The setting process is allowed to con- 
tinue for an indefinite period ranging from i to 16 hours or more, when 
the material is removed, disintegrated and piled, preferably in a well- 
ventilated building, to cure for a period of two weeks or more. The cured 
material is finely pulverized and screened when required for shipment or 
for use in fertilizer mixtures. 

The quantity of acid required for a given weight of rock varies with 
the nature and proportion of the impurities present. The more common 
of the acid-consuming constituents occurring in phosphates and the acid 
required per 100 parts of each are as follows : 

PnrU of sulfuric ncid required per 
joo parts of constituent ^ 


Constituent 

H5.SO4 

52° acid 

Tricalcium phosphate 

63.2 

(J 7.0 

Calcium carbonate 

(^.0 

150.4 

Calcium fluoride 

123.6 

192.8 

Alumina 

287.7 

4 JI .6 

Ferric oxide 

184.1 

282.6 


A small proix)rtion of calcium carbonate in the rock may be beneficial 
l)ecause it evolves carbon dioxide and thus produces a lighter, more porous 
and more friable product. An excess of this constituent, however, is 
wasteful of sulfuric acid and therefore undesirable. Iron and alumina are 
not only wasteful of acid but their presence lowers the value of the super- 
phosphate by decreasing the solubility of the finished product and impair- 
ing its mechanical properties. They are, therefore, the most objectionable 
impurities occurring in phosphate rock intended for use in superphosj>hate 
manufacture. 

The reaction that takes place between the sulfuric acid and iron phos- 
phate in the rock is represented as follows : 

sFePO, -f 3H.,S0, = 2H,PO, -f Fe^CSO,)^. 

If the iron oxide in the rock is in excess of 2 per cent, a reaction will take 
place in turn between the ferric sulfate and the monocalcium phosphate 
present to form a gelatinous precipitate of hydrated ferric phosphate : 

Ca(H,P0,),.H,0 -f Fe,(SO ,)3 + SH^O = 

2FeP0,.2H20 + CaSO,.2HaO + 2H2SO4. 

The hydrated ferric phosphate reacts with free phosphoric acid to form 
the more soluble acid salt, and its solubility therefore increases with the 
free phosphoric acid present : 

FeP0,.2H20 + 2H3PO, = -f 2H.O. 
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Its solubility, on the other hand, is decreased by any treatment which 
brings about a dehydration of the compound. This may result from over- 
heating in the den or reaction with anhydrous calcium sulfate: 

FeP 0 ,. 2 H ,0 + CaSO, = CaS 0 ,. 2 H ,0 + FePO^. 

The state of equilibrium that is finally established between these various 
reactions depends on the conditions of manufacture and the proportion of 
iron present. The reactions involved in the case of aluminum are similar 
to those described for iron. 

The calcium fluoride in the rock is decomposed by the sulfuric acid to 
evolve hydrofluoric acid, but the latter reacts with the silica present to 
form silicon fluoride. The reaction may be represented as follows : 

2CaF, + SiO^ + 2H2SO4 =: SiF, + 2CaS04 + 2ILO. 

According to Jacob and Reynolds^ the fluorine evolved amounts to about 
25 per cent of the total present. The evolved gases are usually absorbed 
in a spraying chamber, and the solution is allowed to run to waste. The 
silicon fluoride in the gas is decomposed by the water sprayed into the 
chamber to form silicic acid and fluosilicic acid. 

3SiF, + 4H2O = H,SiO, + 2H,SiF,,. 

In a few of the larger plants the solution is allowed to flow through 
vats to permit the deposition of the silicic acid and the overflow^ from the 
vats is recirculated through the spraying chamber until the solution reaches 
the proper concentration (6.o-6.7^ Be.) of fluosilicic acid. The solution 
is then passed through sand filters to separate the silicic acid and the fil- 
trate is treated with a sodium chloride solution to precif)itate sodium fluo- 
silicate according to the equation : 

2NaCI -f H.SiF^ =- Na.SiF^ + 2HCI. 

This is filtered off, dried and ground for use as an insecticide, an acid 
rinse in laundries, and for other purposes. In 1925 the production of 
sodium fluosilicate in the United States from this source was 2,768,000 
pounds. 

The solution of fluosilicic acid is also used in the preparation of mag- 
nesium and zinc fluosilicates by treating with magnesia or zinc oxide and 
concentrating to crystallize out the respective salts. 

Concentrated sulfuric and phosphoric acids are highly hygroscopic ma- 
terials, and any excess of either constituent gives a sticky product of poor 

’ /. Assoc, Officiai Agr, Chem., 11 , 237 (1928). 
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mechanical condition. In order to guard against this possibility, some- 
what less than the theoretical quantity of acid is used in order to insure a 
dry, friable product. As a rule best results are obtained when 90-97 parts 
of 52^ Be. sulfuric acid are used per 100 parts of rock, the acid being in- 
creased with increase in iron and aluminum content. 

Any change in a superphosphate that results in a decrease in the solu- 
bility of the phosphoric acid is spoken of as ''reversion.” Thus a change 
from a water-soluble to the citrate-soluble form may result from reaction 
between the monocalcium phosphate and undecomposed tricalcium phos- 
phate in the superphosphate to form dicalcium phosphate: 

CaCHaPO^)^ + Cas(POj2 = 4CaHP04. 

The reactions in which iron and aluminum are involved may bring about 
a reversion of the phosphoric acid to the citrate-insoluble form. A second 
type of reversion to citrate-insoluble phosphoric acid occurs when suj>er- 
phosphate is treated with a greater quantity of ammonia or other alkaline 
material than is necessary to form dicalcium phosphate. The actual quan- 
tity of ammonia required to form the dicalcium phosphate varies with the 
free acid present but it is usually about 2 per cent of the superphosphate 
or approximately one mol equivalent of the monocalcium phosphate pres- 
ent, as indicated by the following equation : 

CalH^POJ,, 4- NH3 = CaHP04 -f NH,H2P04. 

As more ammonia is added a greater or less proportion of the dicalcium 
phosphate is changed to tricalcium phosphate with formation of more 
ammonium phosphate. The latter in turn reacts in the presence of am- 
monia with the gypsum in the superphosphate to form ammonium sulfate 
and more dicalcium phosphate with continuous progression of the reactions 
as the treatment with ammonia is continued. The combined reactions may 
be represented as follows : 

CalH^POJ, + 2 CaSO^ + 4 NH, =: Ca3(PO,), + 2 (NHJ^SO^. 

The ammonia content of a superphosphate in which these reactions have 
gone to completion will range between 8 and 9 per cent. Superphosphate 
which consists of a mixture of monocalcium phosphate and calcium sul- 
fate can therefore permanently absorb more ammonia in proportion to the 
phosphoric acid present than a material such as double superphosphate 
which consists largely of monocalcium phosphate. 

If the ammonia added to a superphosphate does not exceed 2.0 per cent 
by weight the reaction does not proceed beyond the formation of the di- 
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calcium phosphate and little or no increase in citrate-insoluble phosphate 
takes place. This method of incorporating nitrogen in a superphosphate 
is a recent development in the fertilizer industry. The product is known 
as an ammoniated superphosphate. 

DOlTBliK SIJPISRPIfOSPHATK 

The product formed by treating phosphate rock with phosphoiic acid 
iUvStead of sulfuric acid is variously known as double, triple or treble 
superphosphate. It differs from superphosphate in that the calcium orig- 
inally present in the rock is practically all changed into monocalcium 
phosphate, whereas in superphosphate not more than one-third of the cal- 
cium is combined as the monophosphate, the remaining l)eing present as 
calcium sulfate. The main reactions involved in the preparation of the 
two ])rodiicts may be represented as follows : 

Ca,(r(),)2 + 2H,SO, == CafH^POJ, + 2CaSO,; 
Ca3(P0,), + 2H3PO, =- 3Ca(H,PO,),. 

The procedure followed in the manufacture of double superphosphate is 
much the same as that described for superphosphate. The grade of rock 
ordinarily selected for the puriK)se contains 68-70 per cent of tricalcium 
phosphate, and the grinding treatment to which it is su))jected is much the 
same for either process. The phosphoric acid used in treating the rock 
has a gravity of 50^-52° Be. at ordinary temperatures and contains 55-60 
I>er cent H3PO4. This is mixed with the rock at a temperature of about 
140° F. in the proportion of 1000 parts of acid to about 550 parts of rock. 
In making the mix, a little of the ground rock is first run into the me- 
chanical mixer, about one-half of the quantity of acid required is added 
and the remainder of the rock and acid is then run in simultaneously. The 
reacting materials are mixed for two minutes or more and then dumped 
into a rectangular concrete den, open at the top. The mixed product 
quickly sets to a solid mass and is allowed to remain in the den for 1-6 
hours. It is then transferred to suitable piles outside the den and allowed 
to cure for a period of 10-30 days. 

The product prepared in this way is similar to that obtained on treating 
phosphate rock with sulfuric acid, except that the calcium sulfate in the 
latter product is replaced with monocalcium phosphate. Calcium sulfate 
has the property of combining with two molecules of water to form gyp- 
sum, while monocalcium phosphate, having almost twice the molecular 
weight, combines with only one molecule of water. The self-drying ca- 
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pacity of double superphosphate is consequently much less than that of or- 
dinary superphosphate and the cured product must therefore be dried by 
artificial means. This is done by passing the moist material through a 
rotary kiln heated to a maximum kiln temperature of 400°-500^ F. The 
dry product containing 3-4 per cent moisture is finely crushed, screened 
and bagged for shipment. 

The phosphoric acid (P2O5) in double superphosphate, as now manu- 
factured, varies from 40 to 50 per cent as compared with 16-20 per cent 
in superphosphate. By using mixtures of sulfuric and phosphoric acid in 
different proportions, it is possible to prepare suj)erphosphates of any de- 
sired concentration between the limits given for the ordinary and the 
double superphosphates. There is therefore no sharp dividing line between 
suj)erphosphate and double superj^hosphate. 

Table IX gives the comjxjsition of representative samples of super- 
phosphate and of double superphosphate. 


TABLE IX.— CoMPosiTJON or krCPRESKNTAYivK Samples t>E Super- 
phosphate AM) Double Superphosphate. 


Constituent 

Superphosphate 
from Florida 
pebble rock 

Double super* 
phosphate from 
Western rock 


Per cent 

Per cent 

Moisture 

4,87 

2.75 

Combined and hydrated water 

12.10 


Organic matter 

0.53 


Total phosphoric acid, PaO-i 


48.90 

Citrate-insoluble phosphoric acid, PjOj 

0.62 

2.68 

Water-.soluhle phosphoric acid, P2O5 

16.34 

41.40 

Available phosphoric acid, P2O5 

17.34 

46.22 

Lime, CaO 

25.86 

20.80 

Magnesia, MgO 

0.58 

0.25 

Ferric oxide, FcxOs 

0.82 

0.97 

Alumina, AbOa 

1.23 

1.26 

Potash, K2O 

0.16 

0.47 

Soda, Na.O 

0.35 

1.59 

Copper oxide, CuO 


0.20 

Sulfuric acid, SO3 

29.34 

3.75 

Fluorine, F 

1.53 

0.78 

Chromic oxide. CraOa 


0.09 

Vanadium pentoxide, V^Of. 


0.52 

Arsenic trioxide, AsaOa 


0.14 

Silica, SiOz 

4.53 

1.40 


PRECIPITATED PHOSPHATES 

Numerous acidulating processes that make use of acids other than sul- 
furic or phosphoric have been proposed for treating phosphate rock. The 
acids most commonly used in these methods for increasing the availability 
of phosphates are hydrochloric, nitric, sulfurous and hydrofluoric. With 
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one exception none of these processes has yet been developed beyond the 
experimental stage owing to the relatively high cost of the acid or to the 
unsatisfactory properties of the finished product. The process which 
has received most attention and which is now being applied commer- 
cially makes use of hydrochloric acid as a solvent agent. In this process 
the phosphate rock is dissolved in hydrochloric acid, and the resultant 
solution is neutralized with milk of lime to precipitate the phosphoric 
acid as dicalcium phosphate. The precipitated phosphate is v/ashed to 
remove calcium chloride and dried in a rotary kiln. The product formed 
in this way is a light, finely divided material of good mechanical condition, 
and it is soluble in ammonium citrate solution. 

CALCINESD PHOSPHATJB8 

The general procedure for preparing calcined phosphates consists in 
heating phosphate rock with one or more reagents for the purpose of de- 
composing the rock or so altering its physical structure that the product 
will conform with official tests for availability. The reagents most com- 
monly used in these processes are the carbonates, sulfates, chlorides, and 
silicates of sodium and potassium. The calcined phosphates differ from 
superphosphate in being neutral or alkaline in reaction and in being almost, 
or entirely, insoluble in water. 'J'heir solubility according to the ammonium 
citrate or citric acid test varies with the product and the condition of 
manufacture. 

The most extensively used calcined phosphate is a German product 
known as Rhenania phosphate. The process used for the preparation of 
this product consists in calcining an intimate mixture of phosphate rock, 
limestone and a potassium silicate known as phonolite in a rotary kiln at a 
temperature of i2oo'^-i300® C. The clinker discharged from the kiln is 
finely ground and sold as a potash-phosphate fertilizer. 

In the Kreiss process (U. S. Patent 1,413,168) a slurry of Florida 
pebble phosphate in a solution of potassium carbonate is fed into a rotary 
kiln in which the mixture is first dried and then ignited to a maximum kiln 
temperature of 1000°- 1400° C. The clinker discharged from the furnace 
is ground to 60 mesh and sold like Rhenania phosphate as a potash- 
phosphate fertilizer. The potash and phosphoric acid are only slightly 
soluble in water and the solubility of the phosphoric acid in ammonium 
citrate solution varies greatly in different samples. A considerable ton- 
nage of this material has been produced in this country, but the process 
has not been developed to yield a product of uniform composition. 
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Phosphoric Acids 

Phosphorus with hydrogen and oxygen forms eight known acids, but 
only three of these are likely to occur in the free state or as compounds in 
phosphatic fertilizers. These three acids, known as meta-, pyro- and 
ortho-phosphoric acids, are formed when phosphorus pentoxide reacts with 
water. 


MBTAPHOSPHORIC ACID (HPO,)^^ 

1'he ordinary metaphosphoric acid, or glacial phosphoric acid, is a 
transparent, non-crystalline, vitreous solid, which rapidly absorbs mois- 
ture from the air and in solution combines with water to form orthophos- 
phoric acid. The rate of change into the ortho acid increases with rise 
in temperature and with the concentration of the solution. Sabatier^ found 
that complete conversion of a 0.5 N solution to the ortho form required 
150 days at 0° C. ; 5 days at 31° C., and less than an hour at 95° C. Min- 
eral acids accelerate the change, while weak organic acids retard the speed 
of conversion. The usual method of preparing the acid consists in adding 
the proper proportion of water to phosphorus pentoxide or in calcining or- 
thophosphoric acid at 300° C. The product prepared by either of these 
methods is a mixture of a series of polymerized forms of metaphosphoric 
acid, known as monometaphosphoric acid, dimetaphosphoric acid, etc., 
each of which has a molecular formula that is a multiple of the first of the 
series. The first acid in the series is monobasic, and the remainder are 
polybasic. 

PVROPIfOSI’HORIC ACID 

Pyrophosphoric acid is the second of a series of acids having the gen- 
eral formula wiH..P(h — ( u? — i)HoO, When m ~ i, the general for 
mula becomes that of orthophosphoric acid, the first in the series. The 
formulas of the remaining acids in the series are multiples of that of or- 
thophosphoric acid less one or more molecules of water. Pyrophosphoric 
acid (diphosphoric acid) may be prepared by heating equal molecular pro- 
lK)rtions of ortho and metaphosphoric acids at 100° C., or by adding lead 
acetate to a solution of an alkali pyrophosphate and decomposing the pre- 
cipitated lead pyrophosphate with hydrogen sulfide. The acid is tetrabasic 
and theoretically should form four series of salts. As usually prepared, it 
is a sirupy liquid, but it may be crystaUize(J, when adjusted to the proper 
concentration, by seeding or by prolonged action of cold to form an- 

rend., 106 , 63 (1888); 108 , 738, 804 (j88q). 
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hydrous crystals melting at 6i^ C. It also forms hydrated crystals 
(H4P2O7. 1 which melt at about 26° C. 

Pyrophosphoric acid is similar to the meta acids in that it slowly changes 
into the ortho acid at ordinary temperatures. The rate of change depends 
upon the concentration of the hydrion in solution and therefore increases 
with increase in the concentration of the solution or with the addition of 
strong mineral acids. It also increases with the temperature to a maximum 
in the neighborhood of 100® C. and then decreases. Abbott^ found that 
the hydration of the 0.05 N solution was 75 per cent complete in 27 minutes 
and that the rate of hydration was 10.6 times as great at 100® C. as at 75°, 
and (10.6)^ times as great at 75® as at o^. Neither meta nor pyrophos- 
phoric acid gives a precipitate with ammonium phosphomolybdate, and if 
this reagent is to be used in determining total phosphoric acid in a sample 
containing either of these acids, it is necessary to acidify with nitric or 
other mineral acid and boil for about 20 or 30 minutes. 

ORTHOPHOSPHORIC ACID (H^PO^) 

Orthophosphoric acid differs from the meta and pyro acids in being 
stable in contact with water at ordinary temperatures. Since this is also 
true of the salts formed from the ortho acids with non-volatile bases, the 
orthophosphates are the only salts of phosphoric acid that occur in nature. 

Orthophosphoric acid is the most important of the numerous acids which 
phosphorus forms with hydrogen and oxygen. It has a wide application 
in the arts and industries, but its greatest use is in the production of phos- 
phatic fertilizers. 

Anhydrous phosphoric acid is a transparent crystalline solid melting at 
42.35^ C. As usually prepared for use in the laboratory it is a colorless, 
sirupy liquid having a specific gravity of 1.71 and containing 85 per cent 
of orthophosphoric acid. The crystalline acid can be easily prepared by 
maintaining the sirupy liquid in an open vessel at about 95^ C. until it 
reaches a specific gravity of approximately 1.85 at 25® C., cooling below 
40^ C., inoculating with a crystal of the anhydrous acid, allowing to stand 
until crystallization is complete and then separating the crystals from the 
molten liquor by centrifuging in a porcelain-lined centrifuge. The crystals 
may be dried over phosphorus pentoxide in a closed desiccator. The 
crystallization may be repeated when desired by melting the crystals at a 
temperature of about 50® C., adding sufficient water to bring to a specific 
gravity of 1,85 at 25^ C., cooling below 40"^ C., and reinoculating as be- 

’ Am. Chem. Soc., 31 , 763 (1909). 
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fore. This is the simplest and most effective method of preparing or- 
thophosphoric acid of a high degree of purity. 

Orthophosphoric acid also crystallizes in the form of a hydrate having 
the composition 2H3P04,H20. The hydrated crystals melt at 29.32° C. 
Their low melting point and marked tendency to cake make their use 
inconvenient in the purification of phosphoric acid. The solubility curves 
of hydrated and anhydrous orthophosphoric acid have been determined by 
Ross and Jones.^ 

Two methods are now in use for the commercial preparation of ortho- 
phosphoric acid. They are known as the sulfuric and volatilization meth- 
ods. Phosphate rock is now the only source of jAosphoric acid in the vol- 
atilization process, as well as the most commonly used source in the sul- 
furic acid method. Bones have been widely used in the sulfuric acid 
method, but they are now being replaced by the cheaper phosphate rock. 

In the sulfuric acid process of producing phosphoric acid the rock is 
first dried and ground as in the manufacture of superphosphate. If the 
organic content is relatively high, as in most Western phosphates, the rock 
is also calcined at 1300° F. to eliminate most of the organic matter. Two 
methods are in use for the extraction of phosphoric acid from the rock. 
In the older procedure the dried, ground rock is treated with 30° Be. sul- 
furic acid and the resulting product is then passed through a series of 
filter presses to remove the undissolved and precipitated material. In the 
most modern plants, however, the Dorr system of counter-current extrac- 
tion is used. The initial steps here differ somewhat in different plants 
but the general procedure consists in first treating the ground rock in an 
agitating tank with the overflow of dilute phosphoric acid from the No. 2 
thickener and then with a predetermined quantity of 60° Be. sulfuric acid. 
The reaction between the acid and the calcium phosphate of the rock, its 
principal component, is as follows : 

Ca^CPO^), + 3H,S04 = sCaSO^ + 2 H 3 PO 4 . 

The slurry from the first agitating tank overflows successively into a 
second and third agitating tank, taking 18-24 hours to go through the three 
tanks. The temperature in the first agitator reaches about 66° C. while 
that of the discharge from the third is about 55°. From the third agitator 
the slurry passes into the first of a series of six Dorr thickeners, the pur- 
pose of which is to bring about a separation of the phosphoric acid from 
the insoluble material or sludge by continued counter-current decantation. 


^m. Chctn. Soc., 47 , 2165 (» 9 ^ 5 )- 
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Dorr Thickeners lor the Manufacture of Phosphoric Acid. 

Courtesy of the Anaconda Copper Mining Company. 
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The clear solution that overflows from the first of the thickeners has the 
maximum concentration that it is possible to obtain by the sulfuric acid 
])rocess, namely 25-28 per cent orthophosphoric acid. The gypsum sludge 
that settles out in the thickeners is successively pumped from one to the 
next and is washed by a solution of increasing concentration, which over- 
flows from thickener to thickener in an opposite direction. The overflow 
from No. 2 thickener containing about 15 per cent of H3PO4 is returned 
to the system for the preliminary treatment of the phosphate rock as pre- 
viously mentioned. The sludge discharged from No. 6 thickener is filtered 
on an Oliver filter and the filtrate, diluted with the proper amount of 
water, is returned to No. 6 thickener as a source of supply of the washing 
solution. The filtered sludge is either thrown away or used as a source of 
gypsum in the manufacture of building block. 

In the volatilization or pyrolytic method of producing phosphoric acid 
a mixture of 30 parts of phosphate rock, 10-15 parts of sand, and about 5 
parts of coke is charged into an electric or fuel-fired furnace and heated 
in a reducing atmosphere to a temperature of 1500^-1700° C. Under 
these conditions the phosphorus in the rock is volatilized in the elementary 
state, while the residual mass is reduced to a molten slag which is tapped 
at intervals from the furnace. The reaction taking place varies somewhat 
with the ratio of lime to silica in the charge. When these are present in 
equimolecular proportions the reaction may be represented as follows: 

Ca3(P04)2 + sSiOg + 5 ^ ~ SCaSiOjj -f- Pg -j- 5^0* 

If the furnace is so constructed that air is admitted at the top, the phos- 
phorus and carbon monoxide are oxidized as they escape from the charge 
to phosphorus pentoxide and carbon dioxide. In the electric furnace pro- 
cess the gases are withdrawn from the furnace by suction and are passed 
in turn through a series of humidifiers and finally through an electric pre- 
cipitator. The humidifier serves the double purpose of cooling the gases 
and of hydrating the phosphorus pentoxide to phosphoric acid. As the 
gases pass through the precipitator minute droplets of liquid acid are de- 
posited by electrostatic action on the walls of the apparatus to form a con- 
centrated solution of phosphoric acid, while the gaseous products pass 
through unchanged. 

The hydration of phosphorus pentoxide to phosphoric acid is a com- 
paratively slow reaction at ordinary temperatures, but nder the condi- 
tions prevailing in the volatilization process the reaction becomes very 
rapid, and complete conversion to orthophosphoric acid takes place during 
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-Oliver Filter for the Separation of Gypsum Sludge from Phosphoric Acid. 

Courtesy of the Anaconda Copper Mining Company. 
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the brief interval required for the gases to pass from the furnace to the 
precipitator. The commercial acid usually recovered by this process has 
a concentration of about 8o per cent orthophosphoric acid. By increasing 
the temperature at which precipitation is made, however, it is possible to 



Fig. 5. — Equipment for the Recovery and Treatment of V’olatilized Phosphoric Acid. 

Courtesy of the Sivann Corporation. 


increase the concentration of the acid so that the recovered jiroduct 
solidifies on cooling to a solid mass of phosphoric acid crystals. 

Volatilized phosphoric acid is thus not only more concentrated than 
that prepared by the sulfuric acid method, but the quality of the acid is 
superior, because it contains a smaller percentage of impurities. This is 
shown in Table X, which gives the composition of several grades of 
phosphoric acid. 


Alkali Phosphates 

A.LKAf.1 METAPHOSPHATKS 

Since the first member of the series of metaphosphoric acids is mono* 
basic and the other members are polybasic, a large number of alkali meta* 


TABLE X— Composition of Some Commercial Phosphoric Acids 
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|)hosi)hates is theoretically possible, but their preparation in a pure state 
is very difficult owing to their instability and to the fact that they do not 
readily crystallize. One of these polymetaphosphates, known as animo- 
nium-potassium-pentametaphosphate, has the formula NH4K4PjiO,.,.6H.O. 
Although this compound has no commercial application at present it is of 
interest because it affords an example of a definite chemical compound 
that contains all three fertilizing elements. 

The alkali salts of the metaphosphoric acids may be prepared by neu- 
tralizing the aqueous solution of the acid with the corresponding alkali 
hydroxide. Potassium monometaphosphate (KPO^O may also be formed 
by heating monopotassium orthophosphate at a low' red heat until the loss 
in w'eight of the previously dried salt amounts to 12.23 cent. Potas- 
sium metaphosphate is one^of the least soluble of the potash salts. It is 
also of interest because it contains exactly 100 per cent of fertilizer con- 
stituents. 


ALKALI PYROPHOSPHATES 

Pyrophosphoric acid is a tetrabasic acid and is theoretically capable of 
forming four alkali salts according as one or more of the hydrogen ions of 
the acid is replaced with an alkali metal. The quaternary or normal pyro- 
phosphates and the secondary pho.sphates are well-known salts, but there is 
some doubt w'hether the ternary and primary salts have ever been pre- 
pared in the solid state. The pyrophosphates of the alkali metals are all 
soluble in water, but those of the other metals are insoluble. The best 
knowm of the insoluble pyrophosphates is the normal magnesium pyrophos- 
phate. This is formed as a snow'-white residue on igniting the ammonium 
magnesium phosphate obtained in the molybdate-magnesium method of de- 
termining phosphoric acid. 

The normal sodium and potassium pyrophosphates may be easily pre- 
pared by heating the corresponding di-salt of orthophosphoric acid at a 
temperature of 240-250^ C. for 8-12 hours. A similar treatment of the 
monoorthophosphate yields a secondary pyrophosphate. These reactions 
in the case of the sodium salt are represented as follows : 

2 Na,HP 04 = NXPaO, -f H, 0 ; 2 NaH 2 P 04 = Na.H.PgO, + H^O. 

The secondary alkali phosphates, including the ammonium salts, may also 
be prepared by adding the corresponding alkali hydroxide to a solution of 
pyrophosphoric acid until it reacts neutral to methyl orange. 

The normal alkali pyrophosphates are alkaline in reaction, while the 
secondary pyrophosphates are acid to phenolphthalein but neutral to methyl 
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orange. The secondary alkali pyrophosphates may be kept indefinitely in 
a dry place without change, but when they are boiled in acid solution they 
quickly change to the orthophosphates. 

ALKALI ORTHOPHOSPHATES 

Orthophosphoric acid, being a tribasic acid, reacts with the alkalies to 
form three orthophosphates known as the mono-, di-, and tri-compounds. 
The monoalkali orthophosphates are slightly acid in reaction, the di- 
phosphates slightly alkaline, and the triphosphates strongly alkaline. 

The alkali orthophosphates have wide application in the industry, but 
the mono- and diammonium orthophosphates are the only alkali phosphates 
used at present in the manufacture of commercial fertilizers. The mono- 
ammonium orthophosphate is stable at all temperatures up to about 125^ 
C. The di-salt quickly decomposes at this temperature, but it is stable at 
ordinary temperatures when in the dry state. If the salt becomes moist 
some loss of ammonia occurs at ordinary temperatures, but little or no loss 
takes place in mixtures of this compound with the mono-salt. The sta- 
bility of diammonium phosphate when stored in a damp place may there- 
fore be increased by mixing it with a quantity of the monoammonium 
phosphate. 

The triammonium phosphate, being strongly alkaline in reaction, is 
very unstable and rapidly changes into the di-compound with loss of am- 
monium at room temperatures. The reactions taking place in the decom- 
position of the tri- to the di-compound, and of the latter to the mono- 
phosphate, may be represented as follows : 

(NHJ3PO, = (NHJ,HPO, + NH3; 

(NHJ^HPO, = NH.H^PO, -f NH3, 

Table XI gives a summary of some of the more characteristic properties 
of the ammonium orthophosphates. It shows that diammonium phos- 
phate is the most soluble of the three phosphates, and triammonium phos- 
phate the least. The solubility of the triammonium phosphate decreases 
rapidly with excess of ammonia and amounts to only 0.16 gram per 100 
grams of solvent when dissolved in an ammonia solution of 0.90 sp. gr. It 
is therefore precipitated as a white crystalline salt when sufficient gaseous 
ammonia or a strong ammonia solution is added to phosphoric acid or to a 
strong solution of either of the other compunds. It may be obtained in a 
dry state by passing a stream of ammonia over the material in a closed 
vessel at 90^-100*^ C. 



TABLE XL— Properties of the Ammonium Orthophosphates. 
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Ammonia and phosphoric acid are also used as raw materials in the com- 
mercial preparation of monoammonium phosphate. In the process now 
generally used for preparing crude monoammonium phosphate for fer- 
tilizer purposes, crude phosphoric acid produced by the sulfuric acid meth- 
od is rapidly neutralized with ammonia in open vessels to the point where 
the solution reacts yellow to methyl orange and red to methyl red. The 
heat of the reaction is sufficient to raise the temperature of the liquid to 
the boiling point and to bring about some loss of water by evaporation, 
but the concentration that takes place is not sufficient to saturate the solu- 
tion at the boiling point. The iron and aluminum phosphates present pre- 
cipitate out, however, to form a slurry which is difficult to filter. The 
whole mass is accordingly reduced to dryness by feeding it into a rotary 
kiln that is maintained at a temperature below 120° C.^ 

Two grades of ammonium phosphate for fertilizer purposes are now 
being marketed under the trade name of Ammophos by the largest com- 
mercial producer in this country. The 13-48 grade is guaranteed to con- 
tain 13 per cent ammonia (NHj;) and 48 per cent available phosphoric 
acid The ammonia is present almost entirely as monoammonium 

phosphate, accompanied by a small percentage of ammonium sulfate and 
such minor constituents as iron and aluminum phosphates, which originally 
occurred as impurities in the phosphoric acid. The 20-20 grade differs 
from the 13-48 grade in that it contains a higher percentage of ammonium 
sulfate. It is prepared by adding sulfuric acid to the recovered phosphoric 
acid. A mixture of the phosphate and sulfate of ammonium is therefore 
obtained when the mixed acids are neutralized with ammonia. This grade 
of Ammophos contains a lower proportion of impurities than the 13-48 
grade due to the greater relative purity of commercial sulfuric acid as com- 
pared with crude phosphoric acid. Ammophos is sold in 17 countries 
throughout the world. The production at pre.sent aounts to 200,000 tons 
jxjr annum. 

In the preparation of technical monoammonium phosphate, use is made 
of a refined acid, such as that produced by the volatilization method. This 
acid, with the equivalent amount of ammonia, is added to the mother 
liquor from a previous batch until the solution becomes nearly saturated 
at the temperature to which it is raised by the heat of the reaction. The 
solution is then allowed to cool in a crystallizer of the Walker type, and 
the crystallized salt is recovered by centrifuging. 


< Ross, Merz and Jacob, Jnd. Bng. Chem., %1, 286 (1029). 
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A similar process is UvSed in the preparation of diammonium phosphate.^ 
The acid is first added to a solution of the salt saturated at room tempera- 
ture until it changes the color of bromcresol purple, or until the phos- 
phoric acid content of the solution is increased by about one-third. Gase- 
ous ammonia and phosphoric acid are then added simultaneously in 
the proportion of 1.5 mols of the former to i of the latter, and at such 
a rate that the temperature does not exceed 80^^ -90® C. The addition of 
the ammonia and phosphoric acid is continued until the phosphate con- 
tent of the solution is approximately doubled. The solution is then cooled 
to room temperature, and ammonia is added until the solution reacts neu- 
tral to cresol red. The coarse monoclinic crystals of diammonium phos- 
phate that separate from solution under these conditions are centrifuged 
and then dried at 60° C., and the mother liquor is added to the next batch 
for use again in the process. 

The mono- and disodium ])hosphates are prepared by treating a strong 
solution of soda ash with sufficient phosphoric acid to give a saturated 
solution of the desired salt, and then cooling to crystallize out the salt from 
the .solution. The third hydrogen atom of phosphoric acid cannot be re- 
jdaced by the sodium in sodium carbonate, and the hydroxide of soda must 
therefore be used for this purpose in place of the carbonate. Trisodium 
phosphate has a wide application as a water softener as well as for other 
purjx)ses, and its production exceeds that of any other sodium phosphate. 
The usual process of preparation consists in adding a strong solution of 
caustic .soda to a clear solution of disodium phosphate, filtering, cooling the 
filtrate to cry.stallize out the hydrated salt containing 12 mols of \vater, 
centrifuging, and drying below 70^ C. 

The methods used in the preparation of the potassium phosphates are 
similar to those outlined for the corre.sponding sodium phosphates. The 
di- and tripotassium phosphates do not crystallize readily and are of little 
commercial importance. The monopotassium phosphate, on the other 
hand, resembles the monoammonium phosphate, in that it crystallizes 
readily without water of hydration and is not hygroscopic. Its chemical 
and physical properties make it admirably suited for use in fertilizers, but 
the cost of manufacture has so far interfered with its commercial produc- 
tion for this purpose. It may be prepared in mixture with ammonium 
phosphate by digesting potassium chloride in a shale brick chamber with 
an excess of concentrated phosphoric acid at a temperature of about 250° 
C. Hydrochoric acid is evolved in the process and may be recovered as a 

’ Griessbach, Balz and Bossier, U, S. Patent 1,670,504 (1928). 
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by-product. The liquid remaining at the end of the reaction consists of 
a concentrated solution of potassium phosphate in phosphoric acid. On 
neutralizing the latter with ammonia, the whole mass is precipitated as 
an isomorphic mixture of monopotassium and monoammonium phos- 
phates.^ 


ANALYTICAL PROCESSES 

The determination of phosphoric acid has received more attention on 
the part of analysts than any other determination in quantitative analysis 
owing to its important commercial applications and to the inaccuracy and 
tediousness of many of the earlier methods. Many changes are still being 
made by different analysts in order to increase the accuracy and rapidity 
of their work. The result has been an extraordinarily large number of 
different methods and a large number of variations of the methods that 
are most often used. 

For convenience of treatment, these methods are divided into the two 
main groups of gravimetric and volumetric methods, while each of these 
groups is divided in turn into two subgroups according as the phosphoric 
acid is or is not first separated as ammonium phosphomolybdate. The 
methods which do not involve precipitation with ammonium molybdate are 
further classified into a number of groups according to the reagent used 
in bringing about the final separation of the phosphoric acid. The methods 
involving precipitation with ammonium molybdate are also subdivided into 
a number of groups according to the treatment to which the ammonium 
phosphomolybdate is subjected. The groups into which the gravimetric 
methods are divided are as follows : 


CcASSiricATioN or Gravimetric Methods 


Methods not involving 
molybdate precipitation 

Uranium 

Silver 

Bismuth 

Lead 

Calcium 

Aluminum 

Copper 

Tin 

Magnesium 


Methods involving 
molybdate precipitation 

Direct weighing 
Molybdate-magnesium 


*Ross, Trans, Am, Etectrochem. Soc., 4B, 299 (X925). 
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For a classification of the volumetric methods see page 151. 

A detailed description is given of those methods which have been or are 
still being generally used in the analysis of phosphatic materials, and a 
history of their development is outlined in some detail to show the modi- 
fications that have been made in each method since it was originally pro- 
posed. A brief outline is also given of certain methods which are of his- 
toric interest but w'hich have never been adopted in commercial labora- 
tories. 

The principal methods that have been proposed for the determination 
of total phosphoric acid are applicable to the analysis of all phosphatic 
materials with variations only in the manner in which the sample is 
brought into solution. A historical review is accordingly given of the de- 
velopment of the various procedures for preparing solutions of samples 
of different phosphatic materials under the following headings: (i) Total 
phosphoric acid, (2) water-soluble phosphoric acid, (3) citrate-soluble 
phosphoric acid, and (4) citric acid-soluble phosphoric acid. 

When the analyst has no preferred method for the analysis of any 
given material he should refer to the official methods (pp. i87“2i2) that 
have been adopted by different organizations throughout the world for the 
analysis of phosphatic materials and select the method ap]>licable to the ma- 
terial in hand. 


PREPARATION OF SOLUTION 

Total Phosphoric Acid 

The official methods of the Association of Official Agricultural Chemists 
now include four methods for bringing fertilizers into solution for a de- 
termination of their total phosphoric acid content, each specifying the kind 
of materials for which it is best suited. Prior to 1924 there were seven such 
methods, only one of which was specifically recommended, namely, that 
for fertilizers containing much iron and aluminum. A brief historical 
account is given here of the circumstances under which each of these 
methods was adopted. 

Ignition with Magnesium Nitrate and Solution in Acid. — The original 
method of the Association for obtaining a total phosphoric acid solu- 
tion as given in the Proceedings of the First Annual Meeting held at 
Philadelphia in 1884, directed the addition of 4-7 cc. of a nearly saturated 

^ Methods of Analysis, A, O. A, C, 
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solution of magnesium nitrate to a 2 gram sample, drying, igniting gently, 
moistening the residue with nitric acid, if necessary, reigniting to destroy 
all organic matter, adding 15-20 cc. of concentrated hydrochloric acid, di- 
gesting at a gentle heat until all phosphates are dissolved, diluting to 200 
cc., mixing, passing through a dry filter, and taking an aliquot for the de- 
tennination. 

The magnesium nitrate solution was prepared by dissolving 320 grams 
of “calcined magnesia'’ in nitric acid, avoiding an excess of the latter, 
then adding a little calcined magnesia in excess, boiling, filtering to re- 
move the excess of magnesia, ferric oxide, etc., and bringing to a volume 
of 2 liters. 

This method was supposed to fje used on all materials, although many 
analysts apparently did not apply it to simple rock phosphates or super- 
phosphates.^ The use of hydrochloric acid rather than nitric acid had 
been adopted because hydrochloric acid was found to dissolve more readily 
and quicklji, though, with care, nitric acid answered i:)erfectly. Although 
the presence of chlorides, introduced by the hydrochloric acid, somewhat 
retarded, it did not prevent the precipitation of ammonium phosphomolyb- 
date. In a comparison of the two solvents the results differed in only 
a small number of cases, and in these hydrochloric acid invariably gave 
slightly higher results. 

An early objection*** to the ignition of the sample with magnesium nitrate 
was that it required some time and an additional transfer of the material 
from one vessel to another, involving the possibility of mechanical loss. 
The committee of the Association on phosphoric acid in 1885 therefore 
recommended that experiments were desirable to determine whether or- 
ganic matter could be destroyed or made harmless in the wet way, by fum- 
ing nitric acid or other reagents, in the flask in which the subsequent .solu- 
tion of the phosphate was to be made. Gladding pointed out that the re- 
sults of analyses on superphosphates from phosphorites were practically 
identical, whether a simple solution in hydrochloric or nitric acid, a fusion 
with sodium carbonate (with subsequent solution in water and hydro- 
chloric acid), or an ignition with sulfuric acid was employed, and advo- 
cated the omission of the use of magnesium nitrate in all such cases 
where it was known to be unnecessary. As a result of the work done in 
accordance with these recommendations, the magnesium nitrate ignition 
method was dropped in 1886, but in 1887 the method was again included 

* U. S. Dept. Agr, Div. Chem. Bull., 7 , 15 (1885). 

*Ibid., 14. 
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as an optional official method.^ No particular acid was specified at this 
time for solution of the ig^nited residue, but in i<S9i the use of hydrochloric 
acid was prescribed for this purpose.- 

In 1890^ Burney and Battle recommended that this method be used for 
all fertilizers containing cottonseed meal or other organic material. Gas- 
coyne reported that it was almost impossible to get the entire «amount of 
phosphoric acid from cottonseed meal with any of the wet processes and 
that it could only be done by the magnesium nitrate method, but he saw 
no reason for extending the method to any other substance. Frear also 
reported it advantageous for cottonseed meal, but opposed its extension to 
all fertilizers containing any kind of organic matter. In the same year 
the Association* recommended the use of this method for all fertilizers 
containing cottonseed meal. 

Shiver"* reported that, although the magnesium nitrate method gave ac- 
curate results, it was not so rapid as the Burney method (see ]). 91) 
and in practice difficulties, such as sputtering, were presented. In addi- 
tion to the danger of loss by intumescence, other objections were raised 
against the magnesium nitrate method in 1891, such as the occasional 
fusing of the mixture to a hard mass which adhers to the sides of the 
vessel and to the separation of flocculcnt or gelatinous precipitates con- 
taining magnesium and phosphoric acid from the acid solution on boiling. 
Ignition with magnesium nitrate ceased to be prescribed for fertilizers 
containing cottonseed meal in 189T ; it was merely recommended as an op- 
tional official method for such fertilizers and those containing much organic 
matter. In 1924® the words, ‘‘Suitable for organic materials like cotton- 
seed meal alone or in mixtures,’’ were added. 

Solution in Hydrochloric Acid with the Addition of Potassium Chlorate. — 
White^ compared (a) digestion of the sample for 30 minutes with 30 cc. 
of concentrated hydrochloric acid, (b) similar digestion but with the addi- 
tion at intervals of pinches of finely powdered potassium chlorate (0.5 
gram in all), (c) digestion for 30 minutes with 30 cc. of fuming nitric acid, 
and (d) ignition with magnesium nitrate. He found that the use of potas- 
sium chlorate with hydrochloric acid was by far the best method, both in 


* U. S. Dept. Agr. Div. Chem. Bull., 16 , 140 (i887)« 
31 , 1 80 (1891). 

-Ibid, 38 (1890). 

*Ibid., 228. 

“ Ibid., 31 , 109 (^891). 

•/. Assoc, Official Agr. Chemists, 8 , 261 (1925)- 
U. S. Dept. Agr. Div. Chem. Bull., 18 , 28 (t886). 
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convenience and results, for analyzing two fertilizers, one of which con- 
tained animal matter and the other cottonseed meal. At the same meeting 
Jenkins also recommended the adoption of this method, which consequently 
was adopted as official in 1886 in place of the magnesium nitrate method. 
The method read as follows: 

Weigh 2 grams into a flask or beaker; add 30 cc. of concentrated hydrochloric 
acid ; heat and add cautiously and in small quantities at a time about 0.5 gram of 
finely-powdered potassium chlorate. Digest at a gentle heat until all phosphates 
are dissolved and all organic matter is destroyed: dilute to 200 cc. ; mix; pass 
through a dry filter ; take 50 cc. of filtrate. 

Jenkins’ later found this method to be very unsatisfactory with fer- 
tilizers containing castor pomace and its use also met with considerable 
of)position from others. Meyers’ reported that he had found it next to im- 
possible to extract all the phosphoric acid by this procedure. In 1887, 
therefore, with a view to allowing the analyst greater latitude in the man- 
ner of treatment of the sample, this method became merely an optional 
official method, and it has appeared from that time in Methods of Analysis 
as one of the procedures that may be used. Dancy^ and Huston'’ also 
gave very unfavorable reports on this method. It was dropped as an 
official method in 1924.'’ 

Solution in Nitric Acid with a Small Quantity of Hydrochloric Acid. — 

Richards’’ found that solution in nitric acid without previous ignition of 
the fertilizer containing organic matter gave results agreeing very closely 
with the official magnesium nitrate ignition method. Gascoyne® likewise 
found that solution of 2 grams of a fertilizer in 50 cc. of concentrated 
nitric acid and a few drops of hydrochloric acid gave as satisfactory re- 
sults as the magnesium nitrate method. In 1887, this method of solution 
was adopted, with the two methods already discussed, as an optional treat- 
ment prior to the phosphoric acid determination.” The wording of the 
method as adopted was as follows: 

Treat 2 grams of the sample in 30 cc. of concentrated nitric acid and a small 
quantity of hydrochloric acid. Boil gently until all phosphates are dissolved and all 
organic matter is destroyed; dilute to 200 cc., mix, and pass through a dry filter 
paper, and take an aliquot of the filtrate for the phosphoric acid determination. 

^ ( 7 . S. Dept. Ayr. Div. Chem. Bull., 16 , 40 (1887). 

UMd., as, 161 (1890). 

31 , 98 (1891). 

*/. Assoc. Official Agr. Chem., 8, 261 

® U. S. Dept. Agr. l>iv. Chem. Bull., 18 , 24 (1886). 

Ibid., 16 , 59 (*887)- 
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Burney^ reported tliat boiling for many hours was sometimes insuf- 
ficient treatment to clarify the solution by destruction of the organic mat- 
ter, so that the method was not alwrays successful. Dancy^ found that 
cottonseed meal is readily and entirely soluble in either nitric acid with a 
small quantity of hydrochloric acid or in nitric acid alone, but the fact that 
the solution does not give up its phosphoric acid to molybdate solution 
made the method entirely inadequate. Apparently certain nitro-organic 
comiKJunds are formed which prevent the precipitation of the phos])horic 
acid. 

Doolittle'^ called attention to the difficulty of interpreting the expression 
‘‘dissolve in 30 cc. of concentrated nitric acid and a small quantity of hy- 
drochloric acid,” and in consequence the 1925 edition of Methods of An- 
alysis prescribes the use of 3-5 cc. of strong hydrochloric acid. In 1924^ 
the words, “Suitable for materials containing small quantities of organic 
matter,” w’ere added. 

Solution in Concentrated Sulfuric Acid with the Addition of Potassium 
or Sodium Nitrate. — This method as first described by Burney” consisted 
in introducing the substance (2 grams) into a Kjeldahl flask, adding 10 cc. 
of concentrated sulfuric acid, and after gently boiling for a few minutes, 
adding small pieces of potassium nitrate occasionally and making the boil- 
ing more brisk. He stated that oxidation was complete in 20-30 minutes. 
The nitric acid and other products of distillation condense on the walls of 
the flask and flow back to the bottom, thus cleansing the sides of the di- 
gestion flask. By this method the oxidizing action of the nitric acid is 
secured at a very high temperature, something like 300'^ C. 

Collaborative work under the auspices of the Association** had con- 
firmed the inadequacy of the methods using concentrated nitric acid with 
a small quantity of hydrochloric acid, and hydrochloric acid with potassium 
chlorate for goods containing cottonseed meal and similar materials, such 
as bran and fish, although the phosphoric acid of blood and bones could 
be completely precipitated with molybdate when these methods of solu- 
tion were used. 

Shiver^ found that Burney's method of digestion with sulfuric acid and 
potassium nitrate gave results which did not differ by more than 0.15 per 

* V, S, Dept. Agr. Div. Chem, Bull., 24 , 98 (1890). 

^bid., 22, i6i (1890). 

Assoc. Official Agr. Chem., 7 , 197 (i924)> 

* Ibid., 8, 262 (1925). 

* Loc. cit. 

* U. S. Dept. Agr. Div. Chem. Bull., 31 , 98, 105 (1H91). 

^ Loc. cit. 
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cent from those obtained by the maj^jnesium nitrate method on fertilizers 
containing cottonseed meal and that in many cases the results were iden- 
tical. Accurate results were also obtainable on fertilizers containing fish 
scrap, dried blood, tankage, bone meal, and other organic materials. The 
method, however, \vas not applicable to all substances containing phos- 
phoric acid. It gave, for example, in the case of a high-grade aluminic 
phosphate, a precipitate of ferric sulfate that separated out and required 
heating to bring it back into the solution, and it did not give accurate re- 
sults with highly silicious materials unless precautions were taken to 
separate the silica ; with superphosphates the tendency was to give too high 
results. The principal objection to this method was the formation of a 
large quantity of finely divided calcium sulfate, which had a tendency to 
pass through the pores of the filter. He stated, however, that this could 
be overcome and recommended the method as one giving quick and accur- 
ate results. 

Huston, the referee on phosphoric acid, therefore recommended that the 
Burney method should be included among the official methods of solution 
for the determination of total phosphoric acid, but that the use of either 
IX)tassium or sodium nitrate should be permitted. The method was ac- 
cordingly adopted^ in 1891 in the following form and recommended as an 
optional official method for fertilizers containing cottonseed meal or much 
organic matter. 

Boil 2 grams with 20-30 cc. of strong sulfuric acid, adding 2-4 grains of 
sodium or potassium nitrate at the beginning of the digestion, and a small quantity 
after the solution has become nearly colorless, or adding the nitrate in small por- 
tions from time to time. A Kjcldahl flask graduated to 250 cc. is recommended. 
After the solution is colorless add 150 cc. of water, boil for a few minutes, cool, and 
make up to volume. 

At the same meeting Huston reported that the crystals which sometimes 
form in solutions resulting from the treatment of phosphates with sulfuric 
acid after standing for a day or so contained no phosphoric acid. He also 
stated that molybdate precipitation is incomplete unless the strongly acid 
solution be neutralized with ammonia and then slightly acidified with nitric 
acid and confirmed the claim that low results are obtained with high- 
grade aluminic phosphate. 

In 1924^ the words “200 cc. flask’' were substituted for ‘'Kjeldahl flask,” 
and there was added '‘Generally applicable to materials or mixtures con- 

^ U. S. Dept. Agr, I.^v. Chem, Hull., 31 , i8o (1891). 

2/. Assoc. Official Agr. Chem., 8, 262 <1925). 
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taining large quantities of organic matter. With cottonseed meals and ma- 
terials of like nature, it is best to add about 5 cc. of concentrated nitric 
acid before the addition of the sulfuric acid, and allow to digest, at a gentle 
heat if necessary, until the violence of the reaction is over, before adding 
the nitrate.'’ 

The sulfuric acid method as thus adopted was also found to give good 
results in the volumetric, as well as in the gravimetric, determination of 
phosphoric acid and in 1929 it was recommended^ as an optional official 
method for use in the volumetric determination of phosphoric acid in 
samples high in organic matter. 

Solution as in the Kjeldahl or Gunning Method for Nitrogen. — De Roode^ 
first introduced this method, which permits the determination of both phos- 
phoric acid and nitrogen in the same sample. He placed 2.5 grams of the 
fertilizer in a Kjeldahl digestion flask and proceeded exactly as in the 
official Kjeldahl method, plain or modified, as described by Scovell,® for 
the determination of nitrogen in nitrates. When the contents of the flask 
had cooled, about 50 cc. of water was added and the mixture was boiled. 
The flask was cooled in a current of cold water, and its contents were 
transferred to a 250 cc. measuring flask, made up to the mark with rins- 
ings, mixed and filtered through a dry fluted filter into a dry flask. The 
phosphoric acid was determined in a 50 cc. aliquot after being nearly neu- 
tralized with ammonia. 

Huston^ found that the method as outlined above gave considerable 
trouble owing to a precipitate containing manganese and phosphoric acid, 
which appeared when the solution was neutralized and was not wholly 
soluble in nitric acid. This accounted for the very high results obtained 
by the method in the cooperative work of the Association. The trouble 
was easily corrected by adding to the neutralized solution a small quantity 
of ferrous ammonium sulfate. He recommended that the method, with- 
out the use of the permanganate, l>e adopted as official. Although De 
Roode claimed that if a small excess of permanganate were added the 
color could be made to disappear by boiling for a few minutes and the 
determination of phosphoric acid was then not interfered with, Frear stated 
that the use of permanganate could not be relied on. The method was 
accordingly adopted as official in 1891 in the following form and reconi- 


* /. Assoc, Official Agr, Chem,, 18, 6o (1930). 

* U. S. Dept. Agr. I)iv. Chem. Bull., 31, 98, 104 (1891). 
a mu, 18, 51* 65 (1887). 

♦ mu, 81, 98, 105 (1891). 
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mended as an optional official method for fertilizers containing cottonseed 
meal or much organic matter/ 

Treat 2 grams with sulfuric acid and mercury or mercuric oxide, as in the 
Kjcldahl method, using a flask graduated to 250 cc. When the digestion is complete 
add 150 cc. of water, boil for a few minutes, cool and make up to volume. 

In 1892 the Gunning method- was adopted’’ as an alternative method 
for the determination of nitrogen and in 1893, as a result of collaborative 
work of the Association, De Roode'* recommended that this modification of 
the Kjeldahl method be included as one of the methods of solution for 
total phosphoric acid. The modification w'as adopted, and the method ap- 
peared as follows; 

Digest with strong sulfuric acid and such <»ther reagents as arc used in cither 
the plain or modified Kjeldahl or Gunning method for estimating nitrogen. Do not 
add any potassium permanganate, but after the solution has become colorless, add 
about 100 cc. of water and boil for a few minutes, cool, and make up to a convenient 
volume ; 2.5 grams of substance and a digestion flask graduated to 250 cc. arc recom- 
mended. This method will he found convenient when both the nitrogen and the 
total phosphoric acid are to be determined in a fertilizer. In this case, after diluting 
to volume and mixing, a portion, for the estimation of nitrogen, may be removed 
with a pipet and the remainder then filtered through a dry filter and a portion taken 
for the determination of the total phosphoric acid. 

Lord’ reixirted that the De Roode method, both in its original form 
and as modified for nitrates, yielded good results. I'his method was droj)- 
ped as an official method in 1924,® 

Solution in Aqua Begia. — Huston,^ as a result of collaborative work of 
the Association, first recommended this method of solution. It was adopt- 
ed as an official method and appeared in the official methods of that year 
substantially as follows: 

Dissolve 2 grams in 15-30 cc. of strong hydrochloric acid and 5-10 cc. of nitric 
acid. Boil until all phosphates are dissolved and all organic matter is destroyed; 
cool and dilute to 200 or 250 cc. ; mix and pass through a dry filter; take an aliquot 
part of the filtrate corresponding to 0.25 gram, 0.50 gram or i gram. This method 
is recommended for fertilizers containing much phosphate of iron or aluminum. 


^ U. S. Agr. Chem. Bull., 31 , 180 (i8pr). 

* 2 . amal. Chem,, 98 , i88 (1889). 

* U. S. Dept. Agr. Div. Chem. Bull., 35 , 68, 79, 92, 202 (1892). 
*lbid., 38 , 15 (1893). 

35 , 34 (1892). 

^J. Assoc. Official Ayr. Chem., 8, 621 (1925). 

^ U. S. Dept. Agr. Div. Chem. Bull., 31 , 107 (1S91). 
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The same year Morse stated that aqua regia ( 3 parts hydrochloric acid, 
I part nitric acid) acts readily with little heat upon phosphates similar to 
Redonda phosphate and leaves a clear residue of silica. 

Ignition and Solution in Hydrochloric Acid. — The original methods of 
the Association of Official Agricultural Chemists prescribed that in the 
determination of citrate-insoluble phosphoric acid the insoluble residue 
from the ammonium citrate extraction should be ignited and then dis- 
solved in concentrated hydrochloric acid.^ This procedure has been used 
for acidulated goods to the present time. 

Richards^ reported that in the determination of total phosphoric acid 
mere ignition at a low heat, rather than ignition with magnesium nitrate, 
was sufficient to destroy all organic matter prior to solution of total phos- 
phoric acid by nitric acid. He stated that when the fertilizer contained iron 
compounds ignition rendered these insoluble in nitric acid and recom- 
mended either omission of the destruction of the organic matter or moist- 
ening the ignited substance with hydrochloric acid prior to the addition of 
the nitric acid. He claimed that solution in nitric acid without previous 
ignition of the fertilizer gave results that agreed very closely with the 
magnesium nitrate method, and though the solution may be highly colored, 
yet the organic matter is sufficiently oxidized to be harmless. The same 
year Jenkins stated that although simple ignition would remove organic 
matter in many cases, in others it would not. 

In 1891^ the official methods of the Association prescribed that hydro- 
chloric acid should be used as the solvent in all cases where the material 
was first subjected to ignition before solution. The method of ignition 
and subsequent solution in hydrochloric acid for bringing total phosphoric 
acid in solution first appeared in the official methods in 1895,* apparently 
without formal official adoption by the Association. It was dropped as 
an official method in 1924.® 

Water-Soluble Phosphoric Acid 

Soon after the favorable influence of phosphoric acid fertilization upon 
the growth of plants became known, it was discovered that different phos- 
phates might have the same phosphoric acid content, and yet not have the 


* Proceedings of the Convention of Agricultural Chemists and First Annual Meeting of the 
Association of Official Agricultural Chemists at Philadelphia, 1884. 

* U. S. Dept. Agr. Div. Chem. Bull., 18 , 24 (1886). 

31 , 107 (1891) 

*Ibid„ 46 , 12 (1895). 

*/. Assoc, Oificial Agr, Chem.^ 8 , 261 (1925)- 
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same action; in fact that they frequently affected crops in quite a differ- 
ent way. It was found that the phosphoric acid in phosphates of organic 
origin had a much more favorable influence on crop yields than that in the 
same quantity of mineral phosphates of the same degree of fineness be- 
cause it was in a condition that was more readily soluble. The more pro- 
nounced action of the phosphates of organic origin was explained by the 
assumption that in these jihosphates the individual i)articles of calcium 
phosphate are separated from each other by organic substances, and that 
upon the decomposition of the organic matter they are exposed and be- 
come more susceptible to the action of soil agents, such as water and car- 
bon dioxide, than do the less finely divided ])articles of the mineral phos- 
phates. The dissolution of the phosphates of organic origin is also pro- 
moted by the products of the decomposition of the organic matter them- 
selves having a solvent action upon the tribasic calcium phosi)hate. Thus, 
Wohler^ showed that when bone meal was mixed with water and allowed 
to putrefy the phosphoric acid passed into solution, and Liebig ])ointed 
out that the oxalic acid in guano would free the phosphoric acid contained 
therein from its combination with calcium. The solution of the phosj^horic 
acid is also facilitated by the presence in the soil of substances having an 
acid reaction, since calcium phosphate is easily soluble in acids. Further- 
more, the acid-reacting substances such as carbon dioxide excreted by the 
roots of living plants have a solvent action upon the phosphate particles 
in their immediate vicinity. Carbon dioxide, which is continually present 
in the soil where organic substances are always decomposing, has been 
shown by the experiments of many investigators to attack all phosphates 
of calcium more or less. 

Soon after the application of bones to the soil to provide plants with 
phosphoric acid came into vogue, it was observed that the finer the ma- 
terial that was used the greater was the efifect of such fertilization. The 
proposal of Liebig in 1840, therefore, that the insoluble phosphoric acid in 
bones be rendered soluble by means of sulfuric acid, i, e., in the prepara- 
tion of superj)hosphates, could not fail to find general recognition since the 
phosphoric acid that had been rendered soluble could mingle much more 
intimately with the soil when dissolved than when in an insoluble state. 
For the purpose of the estimation of the value of such preparations, a dis- 
tinction was therefore made between the phosphoric acid soluble in water 
and that still in the original or insoluble form; much greater value was 
ascribed to the soluble phosphoric acid while, so far as commercial deter- 

^ Ann , $8, 143 (1856). 
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niination of price was concerned, little or no value was attached to the 
insoluble phosphoric acid. The determination of water-soluble phosphoric 
acid, therefore, was of even greater importance than that of total phos- 
phoric acid. 

In 1864 StohmantT called attention to the fact that practically every 
German experiment station used its own procedure for the examination of 
fertilizers and, indeed, that almost every analyst had his own modifications, 
with the result that agreement was seldom possible. This was particularly 
true in the analysis of superphosphates, where dififerences of 2 per cent 
in the water-soluble phosphoric acid were of frequent occurrence. Since 
such differences could not inspire the confidence of the farmers in whose 
interest the w^ork of the experiment stations was done, the adoption of a 
uniform method for the determination of water-soluble phosphoric acid 
was desirable. The method Stohmann projx^sed for obtaining the vvater- 
.soluble phosphoric acid was the following : 

If the superphosphate was dry enough, the fine material was removed by sieving 
and the remainder was ground in a porcelain mortar and sieved. The whole was 
then carefully mixed. If sieving was not possible with some superphosphates be- 
cause they agglomerated in the mortar to a sticky mass, as uniform a mixture as 
possible was made by long continued grinding. Of the sample thus prepared 20 
grams was placed in a liter flask, 8co cc. of cold water was added, and the contents of 
the flask were shaken at frequent intervals during 3 hours. At the expiration of 
the 3 hour i>eriod the volupc of the fluid in the liter flask was brought to the mark, 
the contents were carefully mixed, and the solution was filtered through a dry 
plaited filter; 50 cc. of the filtrate was then taken for the determination of the 
phosphoric acid. 

Cold water was used because a solution of monocalcium phosphate was 
found to decompose upon warming and to deposit a calcium salt insoluble 
in water and acetic acid. In addition, it was stated that there was always 
the danger, upon warming, of the monocalcium phosphate reacting with 
the dicalcium phosphate present to form insoluble compounds. The 3 
hour period of digestion was chosen because experiments had shown that 
about 0.5 per cent more phosphoric acid was dissolved in 3 hours than 
in I hour, but that no more phosphoric acid was dissolved after 5, 12 and 
24 hour digestions than after a 3 hour digestion. 

According to Fresenius,^ many different views prevailed among various 
able chemists as to the correct manner of extracting superphosphates in 
order to determine their water-soluble phosphoric acid. Some claimed 

’ Z, anal. Chem., 3, 184 (1864). 

‘ 7, 304 ( i 868>., 
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that results varying by several per cent were obtained if similar uniformly 
mixed samples were either — 

(a) introduced into a liter flask (20 grams being taken as advised by Stoh- 
mann), about 500 cc. water added, the liquid frequently shaken during 4-5 hours, 
permitted to stand overnight, then brought to a liter, and, after considerable shak- 
ing and standing, filtered through a dry filter paper, and 50 cc. of the filtrate used 
for the phosphoric acid determination, or 

(b) ground with water to a very fine paste, and this paste then treated in the 
manner described in (a). 

The reason ascribed for the difference obtained in these two procedures 
was that in (b) the fine grinding permitted a more complete decomposition 
of the tri calcium phosphate since those granules that had escaped the action 
of the sulfuric acid in the process of manufacture because they were not 
sufficiently fine, were now subjected, in consequence of being brought to a 
very fine state of subdivision, to the action of a solution containing free 
phosphoric acid and thus brought into solution. Others claimed that the 
grinding had no influence on the content of water-soluble phosphoric acid 
as determined by analysis. 

To settle this important question, Fresenius carried out the following 
series of experiments on a comparatively dry, relatively fine-grained guano 
superphosphate, which had a high water-soluble phosphoric acid content. 

1. — Ten grams was placed on a filter and gradually extracted with cold water 
till the wash water no longer gave an acid reaction. The solution was then brought 
to a liter and mixed. 

2. ~-The superphosphate was ground while in the dry state and passed through 
a sieve with i mm. openings. Ten grams of the uniformly mixed powder was ex- 
tracted with water as in experiment (i), and the solution was brought to a volume 
of I liter. 

3. — Ten grams of the superphosphate, finely ground and sieved as in experi- 
ment (2), was placed in a 500 cc. flask, and 250 cc. of water was gradually added 
with shaking. After standing overnight the volume was brought to i liter, and the 
solution was shaken for a considerable time and then filtered through a diy plaited 
filter. It was found that the error in the analytical results when the volume of the 
insoluble portion was disregarded in the calculation was 0.08 per cent. 

4. — Ten grams of the unground superphosphate was extracted by rubbing with 
a pestle in a mortar with water so as to bring about complete disintegration of the 
lumps but not to gHnd the coarser, hard particles to a fine powder. After settling, 
the supernatant liquid was poured through a filter, and the extraction with cold 
water was repeated until the liquid no longer gave an acid reaction. The extracts 
were finally brought to i liter with water and mixed. 

5 * — Ten grams of the unground superphosphate was ground with a little cold 
water in a porcelain mortar to a very fine paste and then treated further as in (4). 
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Of the solutions obtained by procedures i, 2, 4, and 5, 100 cc. was taken 
for analysis, while but 50 cc. of the liquid obtained by the third method 
was used for this purpose. The liquids were evaporated to dryness in a 
platinum dish with the addition of sodium carbonate in slight excess and 
some potassium nitrate to destroy the organic matter, and the residues were 
then gently ignited and afterwards dissolved in dilute nitric acid. The 
phosphoric acid was determined by the molybdate-magnesium method 
(P- 143)- 

Since comminution of the coarser particles had not taken place in pro- 
cedures I and 4 (only the lumps that might have been present having been 
broken up in method 4), the average of the results obtained by these 
methods (20.08 and 20.13 per cent respectively) was considered correct. 
The deviations from this were -{- 0,12 per cent, — 0.23 per cent (corrected 
for the volume of the insoluble material) and +0.46 per cent for methods 
2, 3 and S, respectively. It was concluded that grinding the superphos- 
phate with water to a fine paste before extraction (method 5) gave too 
high results. The positive difference of 0.12 per cent obtained with method 
2 lay within the limits of error of the method for determining the phos- 
phoric acid. 

The low result in case of method 3 was attributed to adsorption of the 
dissolved phosphoric acid by the insoluble residue. If the volume of the 
insoluble residue is disregarded in the calculation, the error was but — 0.15 
per cent, so that there was a partial compensation of the two errors. 

Fresenius concluded as a result of these experiments that method 4, 
which he had previously recommended,^ should be retained for the deter- 
mination of water-soluble phosphoric acid since it can be easily and simply 
carried out and is free from the possible objections that the extraction 
might not be complete or that the quantity of water-soluble phosphoric 
acid is erroneously increased by the manner in which the procedure is 
conducted. Method i was subsequently recommended by Fresenius, Neu- 
bauer and Luck^ for the determination of water-soluble phosphoric acid 
directly instead of by difference. 

At the Dresden meeting of German agricultural chemists, physiologists 
and experiment station directors in 1871,® it was decided to adopt the fol- 
lowing procedure (the Dresden method), which aimed to Svoid the action 


* Antcitung zur quantitativen Analyse, 5th ed., p. 893. 
^ 2 . anat. Chem,, 10 , 149 (1871). 

* Landtv* Vers,-$ta., 14 , 401 (1871). 
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of any free sulfuric acid that might be present upon the undecomposed 
calcium phosphate : 

Twenty grains of superphosphate was first freed from the greater portion of 
its water-soluble phosphoric acid by stirring (not rubbing) with water, decanting 
and repeating this operation if necessary. The residue was then ground fine, washed 
into a liter flask, and digested 3 hours with water with frequent shaking; the liquid 
first poured off was then added, the flask \cas filled to the mark, and its contents 
were mixed and then filtered through a dry filter. 

The time of digestion, whether 3 hours or overnight, was claimed to 
make no diflference in the final results. Although the method of extracting 
on a filter was considered accurate, it was deemed inexpedient to adoi)t this 
procedure since at certain sea.sons (spring and fall) the work of the agri- 
cultural chemical laboratories accumulated to an extent that any procedure 
requiring more time than that then used was impracticable. 

After a comparative study had been made of (a) the Stohmann extrac- 
tion procedure, (b) the Dresden method, and (c) the method of washing 
on a filter (the first Fresenius procedure above), it was decided in 1872 
at the Magdeburg meeting' to vary the extraction procedure according to 
the quantities of iron and aluminum the superphosphate contained, as 
follows : 

(a) Superphosphates with a small iron and aluminum content. — Twenty grams 
of the material was crushed by pressure (not finely ground) in a mortar with the 
addition of some water and washed into a liter flask, and sufficient water was added 
for convenient shaking. After a 2 hour digestion with frequent shaking, the flask 
was filled to the mark, and the liquid was mixed and filtered. As customary, the 
volume of the undissolved re.sidue was not considered in subsequent calculations. 

(b) Superphosphates with a large iron and aluminum content. — Superphos- 
phates rich in iron oxide and alumina were extracted as in (a) with the modifica- 
tion that the digestion was omitted and the solution filtered immediately after care- 
ful .shaking. 

It had been found that the entire amount of soluble phosphoric acid was 
taken up almost immediately by the added water and that in the case of 
riiost superphosphates the time of digestion, whether 0.5, 2, 3 or 24 hours, 
was immaterial. Individual cases, in which a larger amount of phosphoric 
acid was dissolved by the longer digestion, were opposed by others in which 
a constant reversion of the phosphoric acid could be observed upon pro- 
longed contact with water. Since a decrease of the dissolved phosphoric 
acid was always noted after lengthy treatment of superphosphates that 

^ Landw. Vers.^ta^, 16 , 223 (1873). 
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were rich in iron and aluminum, the necessity of immediate filtration was 
apparent. Consideration of the volume of the residue was neglected be- 
cause this was not constant, and comparative experiments showed that the 
maximum error involved amounted to a difference in the results of only 
o.o6 per cent. 

Abesser, Jani and Marcher’ considered even the 2 hour period as un- 
necessarily long and gave the following directions for obtaining water- 
soluble phosphoric acid. 

Twenty grams of the superphosphate is placed in a mortar, water is then poured 
over it, the agglomerated lumps are broken up without applying strong pressure, 
and the mixture is washed into a liter flask which is then filled to the mark with 
water, closed with a stopper and vigorously shaken for several minutes. The solu- 
tion is filtered at once. 

It was expressly stated, however, that this extraction method was not 
ajiplicable to superphosphates containing considerable iron and aluminum. 
The leaching method of Fresenius was considered to give the most accu- 
rate results in all cases. 

Erlenmeyer- called attention to the fact that monocalcium phosphate, 
the composition of which he had shown to be expressed by the formula 
CaH^i P04 )j5.Hu 0,‘’ was only completely soluble in 700 parts of water at 
ordinary temperatures and that small quantities of water decomposed more 
or less of this salt into free phosphoric acid and dicalcium phosphate, which 
separated in insoluble form. Consequently the procedure of extracting 
water-soluble phosi)horic acid on a filter, which Miircker and Fresenius had 
considered as giving the most accurate results should only be followed in 
the case of superphosphates containing sufficient free phosphoric acid to 
prevent the decomposition of the monocalcium phosphate. If the pro- 
cedure was applied to superphosphates that had no free phosphoric acid 
the quantity of phosphoric acid which might appear in the form of the in- 
soluble dicalcium j)hosphate might be 8 i)er cent of that present in the form 
of monocalcium ]:)hosphate. fie also claimed that in the case of such 
superphosphates the digestion methods would give correct results only 
when the quantity of water used was at least 700 times the weight of the 
nionocalcium phosphate contained by them. 

In view of the various objections that were being expressed against the 
appropriateness of the Magdeburg method, Wein, Rosch and Lehmann^ 

*2. anal. Chem., 19 , 239 (i«73)- 
9 , 1839 (1876). 

Jahresber, Chem., fiir i857« M5* 

* Ann., 198 , 290, 307 (1879). 
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and Wein^ carried out a series of experiments to determine (a) the digestion 
necessary for complete extraction of the water-soluble phosphoric acid, (b) 
the suitability of the extraction upon a filter by using a Bunsen suction 
pump, as was customary in this procedure, and (c) the quantity of water 
necessary for complete extraction. 

The conclusions reached after a thorough study of the subject were — 

(1) With superphosphate containing much free phosphoric acid a very short 
period of digestion suffices to dissolve all the water-soluble phosphoric acid. In- 
crease of the quantity of water seems unnecessary, looo cc. being sufficient for 20 
grams of superphosphate. The leaching (filter extraction) method gives very accu- 
rate results in this case, although it is not to be recommended on account of its 
tediousness. 

(2) Superphosphates that contain but little free phosphoric acid should be di- 
gested 2 hours to make certain that all the water-soluble phosphoric acid has been 
brought into solution. The leaching method on the suction filter is not applicable 
to these superphosphates because it gives results that are too low. 

(3) Superphosphates that contain no free phosphoric acid must likewise be 
digested for 2 hours with i liter of water. The leaching method gives too low re- 
sults to an even greater extent than when used with superphosphates containing a 
little free phosphoric acid. 

(4) An increase in the quantity of water does not appear appropriate. 

(5) The customary practice of digesting 20 grams of superphosphate for 2 
hours with i liter of water should be retained since it really gives the best results. 

Wattenburg* likewise found that the decomposition which monocalcium 
phosphate underwent Avhen treated with smaller quantities of water than 
Erlenmeyer claimed was necessary in the digestion method was so small 
that it had no influence on the results. 

In 1881, at a meeting of German experiment station directors, trade 
chemists and fertilizer manufacturers,^ it was agreed that for the determi- 
nation of water-soluble phosphoric acid — 

(a) 20 grams of superphosphate should be slurried with water in a mortar, 
slight pressure of the pestle but no fine grinding should be used for breaking up the 
large lumps, and the wffiole mixture should be washed into a liter flask, which should 
be immediately filled to the mark ; 

(b) all superphosphates, without exception, should be digested at room temr 
perature for 2 hours with frequent shaking and then filtered ; and 

(c) the volume of the insoluble residue should be disregarded in subsequent 
calculations. 

^ Landw. Vers.-Sta., 374 (1879). 

nbid., 87 , 40s (1882). 
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At its first annual meeting in 1884, the Association of Official Agricul- 
tural Chemists^ adopted the following method for the extraction of water- 
soluble phosphoric acid in superphosphates : 

Bring 2 grams on a filter ; add a little water ; let it run out before adding more 
water, and repeat this treatment cautiously until no phosphate is likely to precipitate 
in the filter. (The washings may show turbidity after passing the filter.) When 
the substance is nearly washed in this manner, it is transferred to a mortar and 
rubbed with a rubber-tipped pestle to a homogeneous paste (but not further pulver- 
ized), then returned to the filter and washed with water until the washings no longer 
react acid with delicate test paper. Mix the washings. Take an aliquot (usually 
corresponding to one-third or one-half gram of the substance) and determine phos- 
phoric acid as under Total Phosphoric Acid. 

The idea involved in the use of the small quantities of water is to pre- 
vent the partial solution and reprecipitation of phosphoric acid from 
phosphates containing iron and aluminum when treated with considerable 
water. If only a small quantity of water is put on the filter at a time, the 
iron and aluminum are carried through, while a large quantity of water 
would make them insoluble again and leave them on the filter. Such a 
precipitate was found sometimes at the apex of the filter which enveloped 
or might envelop small quantities of the phosphate and prevent further 
washing by water. To obviate this the funnel was rinsed into the mortar 
after most of the phosphoric acid was washed out and the substance was 
rubbed sufficiently with the rubber-tipped pestle to crush the smear of 
precipitated phosphates on the sample, but not to break down the hard 
lumps, and then was washed back on the filter, where the washing was com- 
pleted. 

In 1886, the phrase ‘"the washings no longer react with delicate test 
paper” in the method of the Association was changed to read “the filtrate 
measures not less than 250 cc.”* 

The procedure of washing at first with only small quantities of water 
at a time and letting each addition run off before another is added was 
emphasized by Stubbs* the following year as absolutely necessary in all 
superphosphates containing iron and aluminum, in order that manufac- 
turers might receive proper value for their product in those States that 
assign a different value to water-soluble and citrate-soluble phosphoric 
acid. 

> Proceedings of the Convention of Agricultural Chemists and First Annual Meeting of the 
Association of Ofhcial Agricultural Chemists at Philadelphia, 1884. 

aU. S. Dept. Agr. Div. Chem, Bull., 84 , 59 (1890). 

18 , 49 <1886). 

* Ibid,, 18 , 37 (1887). 
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Chazal^ called attention to the dependence of the quantity of water- 
soluble phosphoric acid on the size of the filters used during its extraction 
and proposed the use of a definite size, 9 cm. He also considered the Uvse 
of pumps as advantageous where much work was to be done. The official 
method was modified, in consequence of these suggestions, so as to provide 
for the use of Schleicher and Schiill No. 5^9 filters, 9 cm. in diameter. The 
use of a pump, however, was left to the judgment of the analyst. It was 
also directed at the same meeting that the sam})le be placed in a beaker, 
washed by decantation four or five times with not more than 10-15 cc. of 
water, rubbed up in the beaker with a rul)ber-ti])])ed pestle to a homo- 
geneous paste, and then washed four or five times by decantation with 10- 
15 cc. of water before the tratisfer of the residue to the filter, and finally 
washed with water until the filtrate measures not less than 250 cc. 

In 1890 Frear" reported the results of comparative experiments using 
(a) simple washing on the filter and (b) washing and rubbing in a beaker. 
In 20 cases the mean average was 0.06 per cent in favor of the direct filter 
method. The length of time required was somewhat greater by the rubbing 
method and there was sometimes danger of excessive rubbing, especially 
in the hands of inexperienced chemists. In the case of samples of dis- 
solved bone differences of 0.5 per cent and more were found when the 
sample was rubbed very hard in order to get a sample approximating a 
homogeneous paste. 

This observation was confirmed by other chemists,*^ and in 1891 the 
official method of the Association of Official Agricultural Chemists was 
again changed so as to eliminate all rubbing and to require washing on 
the filter paper alone. The method as then adopted was as follows : 

Weigh 2 grams, transfer to a 9 cc. No. 589 Schleicher and Schiill filter, and wash 
with water, allowing all the water to pass through each time before adding more, 
until the filtrate measures not less than 250 cc. Mix the washings, take an aliquot 
portion (corresponding to 0.5 gram) and determine phosphoric acid. 

This method, with minor changes, has remained the official method in 
the United States to the present time. It is evident from the foregoing 
information that all methods for obtaining water-soluble phosphoric acid 
in superphosphates and other fertilizers are empirical and that they have 
been developed as a result of much practical work. 


’ U. S. Dept. Agr. Div. Chem. Bull., 19 , 34 (1888). 

Ibid,, 24, 57 (1890). 

^Ibid, 31 , J14 (1891). 
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In 1890 the Verband landwirtschaftlicher Versuchsstationen in Ger- 
many, which was organized in 1888, adopted in its official methods^ the 
procedure of treating 20 grams of superphosphate with water in a liter 
flask ; 800 cc. of water was used, and the mixture was shaken continuously 
and vigorously for 30 minutes before the flask was filled to the mark and 
the contents were filtered. The use of rotating shaking machines was 
recommended, either hand driven or oi)erated by motor, and 150 r.p.m. 
was taken as the standard rate. Except for slight alterations, particularly 
in the rate of shaking, this procedure has remained the German official 
method for superphosphates, although the treatment of double supeq^hos- 
phates was changed in 1916 to the old method of shaking at intervals for 
24 hours (see f). 193). 

Prior to 1889, according to Crispo,"' the German method of digestion 
was used in Belgium. Only 10 grams of the superphosphate was used, 
and the digestion with frequent shaking was for a 4 hour period. In 1889, 
the leaching method was adopted as official. It consisted in rubbing 5 
grams of the dry superj)hosphate in a small mortar, adding some water, 
and rubbing further until all hard lumps were destroyed. More water 
was then added, and the material was thoroughly mixed, permitted to 
settle, and decanted through a filter into a 500 cc. flask. This operation 
was repeated at least twice more, with time allowed for the liquid to pass 
entirely through the filter. The residue was then brought upon the filter 
paper and washed until the wash waters no longer gave a reaction for 
phosphoric acid. 

The reasons advanced for discarding the method used previously were 
as follows: 

If a superphosphate is digested with much water, the free phosphoric 
acid, the monocalcium phosphate, part of the gypsum, and the iron and 
aluminum dissolved by the sulfuric acid pass into solution, and the par- 
ticles of unattacked phosphate are exposed. The phosphoric acid and the 
monocalcium phosphate then act upon the raw phosphate and fonn basic 
phosphates, insoluble in slightly acid water. Iron and aluminum likewise 
combine with a part of the originally soluble phosphoric acid to form phos- 
phates that are insoluble in the weakly acid liquid. Thus the total quan- 
tity of phosphoric acid that has been rendered soluble in the process of 
manufacture by the treatment with sulfuric acid is not obtained by the 
digestion procedure. Although this method gives good results in the 


^ Landw. Vers.'Sta., 38 , 284 (1891) 
* 2 . anal. Chem., 30 , 301 (1891). 
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case of superphosphates that are free or almost free from iron and alum- 
inum, it is not applicable to the superphosphates produced in Belgium 
that contain up to 4 per cent of iron oxide and alumina. 

In 1913 the Verband landwirtschaftlicher Versuchsstationen decided 
that in the determination of water-soluble phosphoric acid it was permis- 
sible to fill the flask immediately to the mark before placing it in the 
rotating machine/ and in 1914 adopted this procedure. The treatment of 
double superphosphates, however, was changed in 1916 to the old method 
of shaking at intervals for 24 hours (see p. 193). 

Citrate-Soluble Phosphoric Acid 

Soon after superphosphates that had been made from mineral phos- 
phates appeared on the market, the discovery was made that the phos- 
phoric acid rendered soluble by sulfuric acid made a more or less rapid 
return to an insoluble form, so that in a few months the water-soluble 
phosphoric acid had at times diminished to but one-third of the original 
quantity. This circumstance proved quite disconcerting to analysts, manu- 
facturers and consumers, since the commercial value of the product at 
that time depended primarily on the water-soluble phosphoric acid and little 
or no value was assigned to the insoluble phosphoric acid. 

It was soon found that when applied to a soil the phosphoric acid that 
had been soluble and had become insoluble (variously called ‘Retrograded,'' 
“regenerated," “reduced," or “reverted" phosphoric acid) exhibited a 
more beneficial effect than that which had never been soluble, because it 
was very finely divided throughout the whole mass and therefore offered 
a large surface for attack by the various agents in the soil. The question, 
therefore, arose in 1869 at the Halle meeting of the German agricultural 
chemists, physiologists and directors of experiment stations whether “re- 
verted" phosphate should be considered in the determination of the value 
of fertilizers. A commission appointed to settle this question decided that 
“only the phosphoric acid that is soluble in pure w^ater should be called 
soluble phosphoric acid, while the greater or less insolubility of the phos- 
phoric acid that depends upon the nature of the material may be indicated 
by mention of its origin, for example, in the case of bone preparations 
by designation of the phosphoric acid as bone meal phosphoric acid."^ 
In 1871, however, Fresenius, Neubauer and Luck,® recognizing the 
justice of the desire of the manufacturers that the reverted phosphoric acid 

^Landw, Vers.-Sta.t 88, 249 (1914); 88, 152 (1915). 

13 , 59 (1871). 

anal, Chem., 10 , 149 (1871). 
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be given consideration in the valuation of superphosphates, proposed the 
following method for the determination of the reverted phosphoric acid. 

Two 2 gram portions of the superphosphate were washed separately on filters 
with cold water until the wash water no longer gave an acid reaction. The residue 
from one portion was then dissolved in hydrochloric acid, and the phosphoric acid 
it contained was determined by the molybdate-magnesium method or the residue 
was dissolved with 5 per cent sulfuric acid and the phosphoric acid determined by 
titration with a uranium solution. The second residue was washed into a porcelain 
mortar with a portion of 100 cc. of an ammonium citrate solution of specific gravity 
1.09. After settling, the supernatant liquor was poured into a flask and the residue 
in the mortar was rubbed into as fine a paste as possible and washed into the flask 
with the remainder of the ammonium citrate solution. The solution was shaken 
frequently during a half-hour period of digestion at 30°-40® C. and filtered; the 
residue was washed 2 or 3 times with a mixture of equal parts of citrate solution 
and water, then heated with sodium carbonate, dissolved in hydrochloric acid or 
sulfuric acid and its phosphoric acid content determined. The citrate- soluble or 
reverted phosphoric acid was determined indirectly by subtracting the citrate-in- 
soluble phosphoric acid of the second residue from the sum of the citrate-soluble 
and insoluble phosphoric acid in the first residue. 

The foregoing procedure, in which the citrate-soluble phosphoric acid 
was determined by difference and which therefore became known as the 
“Fresenius difference method,^’ was recommended as being much more 
convenient than the method requiring direct determination of the phos- 
phoric acid that was soluble in the ammonium citrate solution. For the 
direct determination the solution of the citrate-soluble phosphoric acid 
with the wash waters was evaporated in a platinum dish to dryness, the 
dry residue was gradually heated, and the organic matter was finally de- 
stroyed by strong ignition after the addition of sodium carbonate, and, if 
necessary, occasional small quantities of potassium nitrate. After cooling, 
the fused mass was warmed on a water bath with a little water and washed 
into an evaporating dish, the small amount of calcium phosphate that 
adhered to the platinum dish being dissolved in a few drops of dilute 
nitric or sulfuric acid depending upon whether the molybdate-magnesium 
method or the uranium titration was then used for the determination of 
the phosphoric acid. 

To determine the combined water-soluble and citrate-soluble phosphoric 
acid directly it was found necessary first to extract the superphosphate 
with water and then the residue with the neutral ammonium citrate solu- 
tion and combine these extracts because when the citrate solution was used 
on the superphosphate without the prelimiary extraction with water a 
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certain quantity of citric acid was formed as a result of reaction with the 
acid calcium phosphate and the undissolved calcium phosphate was at- 
tacked. As a consequence too high results were obtained. 

Destruction of the ammonium citrate was considered necessary in the 
direct determinations because citrates and oxalates wTre found by Konig 
and others^ to hinder the precipitation of ammonium phosphomolybdate 
and even at times to prevent it altogether. 

By this time, as a result of vegetation tests, a number of directors of 
agricultural experiment stations, especially those in France, began to con- 
sider the reverted or citrate-.solubIe phosphoric acid as of equal value with 
the water-soluble phosphoric acid ; in fertilizer control work they based 
the value of the superi)hosphate or other fertilizer, so far as j)hosphoric 
acid was concerned, on the quantity of assimilable — watcr-.soluble + 
citrate-soluble — phosi)horic acid that it contained. In consequence it be- 
came desirable to obtain a method for determining the sum of the water- 
soluble and citrate-soluble phosphoric acid in a single extract. 

Joulie- devised such a method b}" replacing the neutral ammonium citrate 
solution with an ammoniacal solution, pre])ared by adding 500 cc. of 21.60 
per cent ammonia to 400 grams of citric acid, mixing, allowing to cool 
and bringing the volume to i liter with ammonia. To determine the as- 
similable phosphoric acid in a superphosphate or fertilizer, a i gram sample 
was placed in a small mortar, moistened w'ith a small quantity of the citrate 
solution and triturated to form as fine a paste as i)0ssible. Additional 
quantities of the solution were then added and mixed until 40 cc. in all 
had been added. The contents of the mortar were emptied into a 100 cc. 
flask, the mortar was washed several times with distilled water — which 
was then added to the flask — and the volume was brought to the mark with 
water. After digesting in the cold for i hour with frequent shaking, the 
extract was filtered, and 50 cc. of the filtrate was taken for the determina- 
tion of the phosphoric acid which was precipitated, without previous evap- 
oration and ignition, by the addition of magnesium chloride, and deter- 
mined by the uranium titration method. 

Petermann'^ used a citrate solution prepared by dissolving citric acid in 
ammonia to a neutral reaction, bringing the concentration of the solution 
to a specific gravity of 1.09, and then adding 50 cc. of 25 per cent am- 
monia per liter. To obtain the assimilable phosphoric acid, 2 grams of 


iZ. anal Chetn., 10 , 305 (187O. 
^Mon. set., (3) 3 , 563 (1873). 

'' Landw. Vers,'Sta,, 34 , 310 (i88o). 
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superphosphate, i gram of precipitated ])hosi)hatc, or 5 grams of a mixed 
fertilizer, was placed in a mortar, too cc. of the citrate solution was 
taken and portions thereof were added with constant stirring to the 
sample. The mixture was then transferred to a 500 cc. flask by means of 
a funnel, the mortar and funnel were washed with the remainder of the 
citrate solution, and the flask was placed on a water bath and kept ex- 
actly I hour at a tem))erature of 35^-38° C. with frequent shaking, re- 
moved, allowed to cool several minutes, and filled to the mark. The con- 
tents of the flask were then filtered through a double filter of close-textured 
filter paper to prevent the passage of gypsum into the filtrate, and 100 cc. 
of the filtered solution was taken for the phosphoric acid determination 
by direct precipitation with magnesia mixture. The phosphoric acid was 
finally weighed as magnesium, pyrophosphate. 

Petermann was the first to establish by direct fertilizer experiments the 
parity in fertilizing value of water-soluble and citrate-soluble phosphoric 
acid. 

In 1882, at another meeting in Halle of German agriculturists, scientists 
and manufacturers' it was agreed that the following method should be 
used for determining citrate-soluble ])hosphoric acid. 

Five grams of unwashed superphosphate are ground in a mortar and w^ashed 
into a 250 cc. flask with 100 cc. of Petermann’s citrate solution, digested i hour at 
40^" C., filled to the mark and filtered. The phosphoric acid is determined in the 
filtrate. 

The method developed by Mohr- diflfered from that recommended by 
Fresenius and Petermann in that the superphosphate was first washed 
with hot water and the residue was then digested with the citrate solution 
at 60^-70° C. 

In the original methods adopted by the A. O. A. C.,^ citrate-soluble 
phosphoric acid was determined by difference in a manner very similar 
to the Fresenius, Neubauer and Luck procedure. Water-soluble and 
citrate-insoluble phosphoric acids were determined on the same 2 gram 
sample. The residue from the treatment with water was washed into a 
150 cc. flask with 100 cc. of strictly neutral ammonium citrate solution 
of 1.09 density, the filter paper was shredded and added, and the flask was 
securely corked to prevent loss of ammonia and placed in a water bath 

^ Landw, Vcrs,-^Sta.y 27 , 410 (188-5). 

* 2 . anal. Chew.., 23 , 487 (1884). 

* Proceedings of the Convention of Agricultural Chemists and First Annual Meeting of the 
Association of Official Agricultural Chemists at Philadelphia, 1884. 
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with a constant temperature of 65^ C. After a 30 minute digestion with 
frequent shaking, the warm solution was filtered quickly (not more than 
20 minutes), a porous plaited filter being used and also a filter pump if 
necessary, and the residue on the filter was washed with water of ordinary 
temperature. The filter and contents were ignited to destroy organic mat- 
ter, treated with concentrated hydrochloric acid, digested over a low flame 
until the phosphate was dissolved, diluted to 200 cc., mixed and passed 
through a dry filter, and an aliquot was taken for determination of the 
citrate-insoluble phosphoric acid by the molybdate-magnesium method. 
The citrate-soluble phosphoric acid was obtained by subtracting the sum 
of the water-soluble and the citrate-insoluble from the total. This method, 
therefore, required three phosphoric acid determinations — total, water- 
soluble and citrate-insoluble — whereas the Fresenius diflFerence method re- 
quired but two — citrate-soluble citrate-insoluble, and citrate-insoluble. 

The directions given for the preparation of the ammonium citrate solu- 
tion were as follows : 

Mix 370 grams of commercial citric acid with 1500 cc. of water ; nearly neutra- 
lize with 410 grams of crushed commercial carbonate of ammonia; heat to expel 
the carbonic acid; cool; add ammonia until exactly neutral (testing for excess both 
of acid and alkali by aid of delicate red and blue litmus papers) ; and bring to a 
volume of 2 liters. Dilute further until the density is 1.09 as tested by the balance 
or an accurate specific gravity spindle. 

In 1885 the committee of the Association on phosphoric acid called at- 
tention^ to the fact that this method for extracting “reverted” phosphoric 
acid was originally designed for and was only applicable to superphos- 
phates, plain or nitrogenized, and was not intended to be applied to rock 
phosphates, natural guanos, or any other non-acidulated materials to test 
their relative solubility or availability. It was recommended that a deter- 
mination of citrate-insoluble phosphoric acid in non-acidulated goods be 
made by treating 2 grams of the phosphatic material, without previous 
washing with water, precisely in the way described above, unless the sub- 
stance contained much animal matter (bone, fish, etc.), when the residue, 
insoluble in ammonium citrate, was to \>e ignited with magnesium nitrate 
before it was dissolved in acid. This recommendation was adopted at the 
same meeting and included in the official methods. With subsequent 
changes in the official methods for obtaining total phosphoric acid solu- 
tions of fertilizers containing organic matter corresponding changes were 
made in the treatment of the citrate-insoluble residues of non-acidulated 

» U. S. Dept. Agr. Dhr. Chem. Bull., 7 , 14 (1885). 
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goods containing much animal matter. Thus, in 1886 it was prescribed 
that these residues be digested with concentrated hydrochloric acid and 
potassium chlorate. 

Richardson^ called attention to the failure to specify the temperature at 
which the specific gravity of the neutral solution of ammonium citrate 
was determined and also to the difficulty of determining exact neutrality by 
the use of ordinary litmus paper and recommended that a saturated al- 
coholic solution of coralline be used and that the specific gravity of the 
citrate be determined at 20° C. The directions were accordingly changed 
to include these recommendations, the use of litmus paper being no longer 
directed. 

As a result of vegetation experiments, Wagner'-^ proposed the use of an 
acid ammonium citrate solution to determine “soluble’’ phosphoric acid in 
phosphatic fertilizers. A concentrated citrate solution was prepared by 
dissolving 150 grams of citric acid in water in a liter flask, neutralizing 
with ammonia, adding 10 grams of citric acid to the neutralized solution 
and bringing to the mark with water. The dilute citrate solution used for 
obtaining the “soluble” phosphoric acid was made by mixing one volume 
of this concentrated solution with four volumes of water. The method 
was carried out in the following manner : 

Five grams of the sample, without previously washing with water, were rubbed 
up with some of the dilute citrate solution, poured into a 500 cc. flask, made to the 
mark with dilute citrate solution, allowed to digest about 18 hours at the tempera- 
ture of the^room {i3°-i8° C.) with frequent shaking, and then filtered; 50 cc. of 
the filtrate was taken, and the phosphoric acid was determined by the molybdate- 
magnesium method without previous destruction of organic matter. 

A comparison of the results obtained by Wagner in applying the acid 
citrate method to various phosphatic materials with those of his vegeta- 
tion tests is shown in Table XII. 

TABLE XII. — *‘Soi.ubi.e;'^ Phosphoric Acid in Phosphates as Determined 

BY Wagner. 


Dicalcium phosphate 
Tricalcium phosphate 
Water-extracted double superphosphate 
Water-extracted phosphorite superphosphate 
Phosphorite meal 

^ U. S. Dept. Agr. Div. Chem. Bull. 18 , 2t (x886). 
^ Chem. Ztg,, 10 , i, 19, 37 (1886). 
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Fertilizer tests 

method 

Per cent 

Per cent 

30.6 

29-3 

18.0 

T9.I 

17.9 

16.9 

3.0 

3.3 

O.I 

0.6 
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At a meeting in 1885 of fertilizer manufacturers of Southern Germany 
and directors of five German agricultural experiment stations, this method 
for the analysis of all superphosphates was unanimously agreed upon to 
be used from January 1886, and the term '‘soluble’' was adopted to desig- 
nate the phos])horic acid extracted by the process.^ 

The Association of Official Agricultural Chemists made a study of the 
results obtained by (a) using the Wagner procedure and (b) first leaching 
the 5 gram sample with pure water, as in the ordinary method of deter- 
mining “water-soluble,” and treating the residue by Wagner’s method. 
The chairman of the Committee on Phosphoric Acid reported in 1886 as 
follows “It is very evident that Wagner’s method gives much lower 
percentages of what we are accustomed to call ‘available^ than the 

method now in use by us. The introduction of this method into our work 
would clearly be attended with many embarrassments; and yet if Dr. 
Wagner’s crop experiments and his conclusions are to he relied on, it is 
a question if his analytical method is not a proper one to employ in the 
official work of experiment stations and State offices.” 

At the same meeting and later, Chazal*^ called attention to the disadvan- 
tage in the official method of the Association of shredding the filter paper 
into the citrate solution, thereby causing danger of imperfect washing with 
water and also retarding contact of the fertilizer with citrate solution when 
shaken. The next year Dabney referred to various interpretations by dif- 
ferent analysts of the time of digestion, some considering that the 30 
minutes should be counted from the time the fla.sk was placed ia the water 
bath while others counted from the time the solution it.self reached 65*^ C. ; 
Lord suggested that the form of the flask and its size were important and 
proposed an Erlenmeyer flask holding 200-240 cc., and Scovell advocated 
the use of nitric acid for solutions of the citrate-insoluble residue. 

The official method was accordingly modified to read as follows : 

Wash the residue of the treatment with water into a 200 cc. fla.sk with 100 cc. 
of strictly neutral ammonium citrate solution of 1.09 density. Cork the flask securely 
and place it in a water bath, the water of which stands at 65“ C. The water bath 
should be of such size that the introduction of the cold flask or flasks should not 
cause a reduction of the temperature of the bath of more than 2 ° C. Raising the 
temperature as rapidly as practicable to C., which is subsequently maintained, 
digest with frequent shaking for 30 minutes from the instant of insertion, filter the 
warm solution quickly (best with filter- pump) and wash with water of ordinary 


’ Chem. Ztg,, 10 , 38 (1886). 

“U. S. Dept. Agr. Bur. Chem. Bull., 12 , 18 (t886). 
^Ibid., 28; 16 , 40 (1887). 
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temperature. Transfer the filter and its contents to a capsule, ignite until the or- 
ganic matter is destroyed, treat with 10-15 cc. of concentrated hydrochloric or nitric 
acid, digest over a low flame until the phosphate is dissolved, dilute to 200 cc., mix, 
pass through a dry Alter, take an aliquot and determine phosphoric acid. 


In 1889^ the directions for shaking during the digestion were made more 
specific at the suggestion of Battle, by stating that the flask should be 
shaken every 5 minutes, and in 1890*^ water of ordinary temperature for 
washing was replaced, on the recommendation of Gascoyne, by water t^f 
about the temf>erature of 65® C. 

The Verband landwirtschaftlicher Versuchsstationen in 1890'^ decided 
that the determination of citrate-soluble phosphoric acid was of no im- 
portance in the case of superphosphates, and from this time on only water- 
soluble and total phosphoric acid in superphosphates have been determined 
in Germany, although the citrate-soluble phosphoric acid content is de- 
termined upon request according to the Petermann procedure. 

In 1891 Payne^ ])r()posed the use of ammonia, instead of ammonium 
carbonate, in the preparation of the A. O. A. C. ammonium citrate solution 
and with the adoption of this recommendation the directions for the prep- 
aration of this solution became those now in use. The method of prepara- 
tion involving the use of calcium chloride for determining neutrality, pro- 
posed by Huston and adopted the same year, continued in use as an optional 
oflicial method until finally dropped in 1927.^ The Robinson method, 
using phenol red as indicator and a comparator, was adopted in 1920.® 

The procedures of (a) igniting the citrate-insoluble residue with mag- 
nesium nitrate, (b) dissolving in sulfuric acid with the addition of nitrate, 
and (c) dissolving by the Kjeldahl method were introduced in 1891 and 
that of (d), dissolving in 30-35 cc. of nitric acid and 5-10 cc. of hydro- 
chloric acid,^ in 1894.” The last procedure was first recommended by 
Gaines in 1889. Procedure (c) was dropped as an official method in 
1924.*^ 


^ U. S. Dept. Agr. Div. Chem. Hull., 84, ^25 (1890). 
*Ibid., 28 , 2jS (1890). 

Landw. V^-rs.-Stn., 37 , 296 (1890). 

* U. S. Dept. Agr. Div. Chem. Hull., 31 , 113 (1891). 
^J. Assoc. Official Agr. Chem., 11, 32 (1928). 

«Ihid., 6 , 92 (1921); 443 (1922); 6 , 384 (1923). 

^ North Carolina Expt. Sta. Tech. Bull., 7 , 4 (1893). 

* U. S. Dept. Agr. Div. Chem. Hull., 43 , 69 (1894). 
*7. Assoc. Official Agr. Chem., 8 , 26 (1925). 
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Citric Acid-Solubi.e Phosphoric Acid 

The analysis of Thomas slag meal has occupied the attention of agricul- 
tural chemists continuously since its introduction as a fertilizer material 
in the early eighties. 

In i88i Marcher^ pointed out that the strongly alkaline slags produced in 
the dephosphorization of cast iron by the Thomas process can be applied 
directly to lime deficient soils in the vicinity of the smelter. For transpor- 
tation to a distance the slag must first be enriched in phosphoric acid. But 
it was soon recognized that the effectiveness of the Thomas slag phos- 
phoric acid was only slightly less than that of superphosphate phosphoric 
acid and also that its effectiveness became the greater the more finely it 
was ground. The price of Thomas slag phosphoric acid in consequence 
rose so high that it could be shipped considerable distances without the 
necessity of enrichment and it was now purchased on the basis of its total 
phosphoric acid content and fineness. As a result Thomas slag meal began 
to be adulterated by the addition of raw phosphates of less value, since 
tests were not made of the solubility of the phosphoric acid it contained. 

It was found that adulteration with Redonda phosphate could be easily 
detected by treatment of the suspected meal with 5 per cent citric acid, 
which dissolved all the phosphoric acid in Thomas slag meal but only 8-10 
per cent of that in the Redonda phosphate. This method, however, was 
not applicable in the case of adulteration with Belgian raw phosphate be- 
cause the phosphoric acid of this phosphate dissolved just as easily in the 
5 per cent citric acid as did that of the Thomas slag meal. 

In 1889 Wiley- was led to believe, as a result of the superior merits of 
basic phosphatic slags as a fertilizer, that they might be largely soluble in 
neutral ammonium citrate. Examination of a sample he had received 
showed it to contain 20.20 per cent total phosphoric acid, 12.25 
of which was soluble in neutral ammonium citrate. Experience, how- 
ever, has shown that the neutral ammonium citrate method, although ap- 
plicable to the reverted phosphoric acid in superphosphates, is of little 
value when applied to phosphatic slags. 

Wagner^ found that an acid ammonium citrate solution easily dissolved 
the phosphoric acid in the Thomas slag meal, while practically none of 
that in Belgian phosphate was dissolved. He had already pointed out in 


Riibensuckerind., 7 , 93 (i88x). 

*/. Anal, Chem,, 9 , 413 <1889). 

’ D^gungsfragen. Paul Parey. Berlin, 1894. 
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1889, as a consequence of vegetation tests, that Thomas slag meals of 
different origins were of quite different effectiveness as regards plant 
growth. Thus a meal from Bohemia had an effective value of only 40 
when compared with the effective value of a slag meal from England, 
considered as 100. Further experiments by Wagner,^ confirmed these 
facts, and it was also established that the differences in effectiveness of 
Thomas slag meals were approximately proportional to the solubility of 
their phosphoric acid in acid ammonium citrate solution. It thus became 
necessary for the farmer to have a knowledge not only of the total phos- 
phoric acid content and the fineness of the slag meal he purchased, but also 
of the solubility of its phosphoric acid in acid ammonium citrate. 

Wagner accordingly published a modification of his acid ammonium 
citrate method (see section on citrate-soluble phosphoric acid)® for the 
determination of citrate-soluble phosphoric acid in slagmeals. Since the 
bases, especially free lime, varied considerably in Thomas slag meals, they 
would neutralize varying quantities of the free citric acid in the acid citrate 
solution and therefore it was considered necessary first to determine the 
basicity of the slag. This was done by shaking 5 grams of the meal in a 
500 cc. flask for hour with i per cent citric acid, filtering and titrating 
50 cc. of the filtrate with 0.25 N sodium hydroxide, phenolphthalein being 
used as indicator. The citrate-soluble phosphoric acid was then obtained 
by shaking 5 grams of the meal for 30 minutes in a half -liter flask with a 
quantity of 5 per cent citric acid, calculated to neutralize the basicity, 200 
cc. of an acid ammonium citrate solution containing 160 grams citric acid, 
28 grams of ammoniacal nitrogen per liter, and water to the mark. 

This method, being too involved for fertilizer control work, Wagner rec- 
ommended a second method^ for the determination of citrate-soluble phos- 
phoric acid in Thomas slag meals and mineral phosphates, which did not 
consider the basicity of the phosphate and in which the citrate solution 
contained more free citric acid. 

Five grams of the material, unground and unsieved, were placed in a 
half-liter flask, and the flask was filled to the mark with dilute ammonium 
citrate solution having a temperature of 17.5^ C. The flask was closed 
with a rubber stopper and immediately put in a rotating machine making 
30-40 r.p.m., for 30 minutes, after which the solution was at once filtered. 

The stock concentrated ammonium citrate solution contained exactly 
150 grams of pure crystallized citric acid and 23 grams of ammoniacal 

* Diingungfragen. Paul Parey. Berlin, 1894. 

^Chem, Ztg,, 18 , 1153 (1894). 

IS, X153 (1894); 1®, X419 <1895), 
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nitrogen (27.93 grams NH^) per liter, the latter being determined ))y ex- 
act analysis. The dilute ammonium citrate solution used in the analysis 
was made by diluting two volumes of the stock solution with three volumes 
of distilled water. It therefore contained 1.4 per cent free citric acid, 
whereas the solution used in the method first j)roposed after dilution con- 
tained only 0.8 per cent free citric acid. 

In 1897 A. O, A. C. published the latter method,^ and a note to this 
reference was inserted in the methods of the Association. 

In the meantime questions arose as to the cause of the differences in 
solubility and effectiveness of the Thomas slag meals from different sources 
and the possibility of changing the difficultly soluble Thomas meals into 
easily soluble ones. It was natural to consider the cause to be the differ- 
ence in lime content and to assume that slags containing considerable free 
lime would be more easily soluble and active than those ])oor in lime, but 
this theory proved to be incorrect. Wagner-' found that the silicic acid 
content of the slag meal determined its solubility. Thus a comparison of 
the citrate solubility of various Thomas slag meals with their '‘relative 
silicic acid content'’ (the ratio of total phosphoric acid to total silicic acid) 
gave the following results : 


Thomas slag Relative citrate Relative silicic 

meat solubility acid content 


I 

100 

100 

2 

89 

109 

3 

90 

96 

4 

(M 

96 

5 

48 

48 

6 

59 

55 

7 

52 

45 

8 

55 

52 

9 

47 

44 


It may be seen from these results that, in general, citrate solubility in- 
creases with the relative content of silicic acid. Hoyermann^ discovered 
independently the same relationship and found in a direct test that the 
citrate solubility of a Thomas slag was increased from 58 per cent to 84 per 
cent by the addition of sand to the molten slag. 

In 1894 the Verband der landwirtschaftlichen Versuchsstationen^ 
adopted the second Wagner method for the analysis of Thomas slags as a 


* U. S. Dept. Agr. Div. Chem. Bull., 51 , 72 (1898). 

^ Chent. Ztg,, 18 , 1511 (1894). 

“ Beitrage zur Frage der CitratlosHchkeit der Phosphofsaure im Thomasschlackenmehl. 
Hannover, 1894. 

* Chem. Ztg., 18 , 1588, 1933 (1894), 
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result of a comparison of the results of vegetation tests and of analyses 
by this method. 

As a consequence also of Wagner’s work showing the relationship be- 
tween the silica content of Thomas slag meals and their solubility, the 
manufacturers began to produce slags having the highest silica content 
possible and of a composition so different that the method of determining 
citrate solubility no longer gave satisfactory results because the solubility 
of the slags no longer agreed well with their effectiveness. This condi- 
tion necessitated finding a new method of analysis that would give results 
more in agreement with agricultural results. 

Gerlach and Passon^ showed that the active agent in the citrate solu- 
tion was the free citric acid it contained, the ammonium citrate playing 
only a minor role, and suggested that the ammonia could be omitted. 
Wagner- adopted this suggestion as a result of numerous vegetation tests, 
and devised a new method for the determination of the effective phos- 
[)horic acid in basic slags. This method has been generally adopted and 
is still in use. In place of the acid ammonium citrate solution, which 
contained 1.4 per cent free citric acid, he now used a 2 per cent solution 
without any ammonium salt. This not only had the advantage of being 
more easily and accurately prepared, but it yielded better analytical re- 
sults. Thus 28 Thomas slag meals showed in pot tests a relative effective 
value of 88 per cent ; on treatment with 2 per cent citric acid they showed 
an average solubility of 89 per cent, while on treatment with the old solu- 
tion the average solubility was only 83 per cent. 

The Wagner citric acid method is as follows : 

Five Krams of the slag meal is placed in a 500 cc. flask into which 5 cc. of 
alcohol has been poured previously. The flask is now filled to the mark with dilute 
(2 per cent) citric acid solution, at 17.5^' C. The flask is closed with a rubber stopper 
and immediately placed for 30 minutes in a rotating machine turning 30-40 times per 
minute. The mixture is then immediately filtered. The molybdate-magnesium 
method of precipitation is then used as in the former methods. 

In 1911 a special committee was appointed by the Association of Official 
Agricultural Chemists to carry out vegetation exi^eriments to determine the 
availability of the phosphoric acid contained in Thomas Bessemer basic 
slag phosphate and to determine whether the Wagner method (2 per cent 
citric acid) of analysis was a reliable procedure for measuring the avail- 


^ Chem. Ztg., 20 , 87 (1896). 

* Die Bewertung der Thomasmebl nach ihrem Gehalt an loslicher Phosphorsiiure. Berlin, 1899. 
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ability of the phosphoric acid in this class of products. In the final report 
of this committee^ it was concluded that the availability figures established 
by the vegetation pot work compared favorably with the available phos- 
phoric acid, as measured by the Wagner method for Thomas basic slag 
X^hosphate, and with the official neutral citrate of ammonia method for 
superphosphates. 

The Wagner method was adopted as an official method by the Associa- 
tion in 1923.- 

From the foregoing discussion it is evident that, just as in the case of 
water-soluble and citrate-soluble phosphoric acids, the methods for the de- 
termination of citric acid-soluble phosphoric acid have been developed in 
a purely empirical way. Whereas total phosphoric acid is a definite fixed 
quantity and different methods for its determination should give no ap- 
preciable variation in results, water-soluble, citrate-soluble and citric acid- 
soluble phosphoric acids are rather arbitrary quantities, and are dependent 
on a number of factors such as time of digestion, degree of fineness of the 
sample, kind and quantity of solvent, agitation, etc., which have been so 
chosen as to give results that harmonize with vegetation tests. 

GENERAL METHODS FOR THE DETERMINATION 
OF PHOSPHORIC ACID 

Gravimetric Methods — ( a) Not Involving Molybdate Precipitation, 

Uranium Methods. — LeConte*’^ was the first to employ a uranium salt for 
the estimation of phosphoric acid. He used both gravimetric and volu- 
metric procedures. The gravimetric method will be described here and the 
volumetric process later on under volumetric methods. The solution con- 
taining the phosphate, as nearly neutral as possible, was acidulated with 
acetic acid, an excess of uranium nitrate was then added, and the mixture 
was boiled for some minutes. Precipitation was complete in less than 
5 minutes after the mixture was removed from the flame. The dense pre- 
cipitate was washed by decantation with hot water, if lime was not present, 
or with water acidulated with acetic acid in the presence of lime. Wash- 
ing was stopjied when the wash water no longer gave a precipitate or color 
with potassium ferrocyanide. The precipitate was then dried and weighed 
as uranyl orthophosphate. 


‘/. Ass4>c. OMcial Agr, Chem., 7 , 21S (1924). 
“Itid,, B, 254 (1923). 

^ Pharm, /. Trans., 13 , 180 (1853-4). 
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A similar procedure was used by Knop,^ who employed uranium acetate 
for the precipitation. The phosphate was dissolved in hydrochloric or 
nitric acid and concentrated, then saturated with ammonia, and ammonium 
acetate was added, followed by acetic acid in large excess. The solution 
was treated with uranium acetate, boiled, evaporated to dryness, diluted 
with water and acetic acid, again boiled and filtered. The precipitate was 
washed, dried, ignited, and weighed as uranyl pyrophosphate. 

This method is inapplicable when large quantities of iron and aluminum 
are present. Sutton,^ using Knop’s procedure but washing the precipitate 
by decantation, found that it gave excellent results for the determination 
of phosphoric acid in guanos, superphosphates, bone-ash and coprolites. 
Fresenius, Neubauer and Luck^ also found that the method gave good re- 
sults when ferric and aluminum salts were not present. Jean* prevented 
the simultaneous precipitation of these metals by the addition of citric 
acid. To facilitate the washing of the uranium precipitate, Fresenius^ 
recommended the use of a solution of ammonium nitrate as wash liquor. 

Silver Methods. — In Schlosing’s method*^ the phosphates, which must not 
contain iron or aluminum, were mixed with silica and ignited in an atmos- 
phere of carbon monoxide. The phosphoric acid was determined either 
by the loss of weight or by distillation of the phosphorus into a solution of 
silver nitrate heated to 8o°-90^ C. The solution, containing phosphoric 
acid, was poured into a platinum dish, and the precipitate of silver phos- 
phide was dissolved in nitric acid ; this solution was also added to that in 
the dish. After evaporation to dryness the residue w^as heated until the 
excess acid had been volatilized, and it was then extracted with water. 
The silver phosphate then remaining was dried, heated, and weighed. To 
make the method applicable to the determination of phosphorus in iron 
it was modified^ by igniting the iron in chlorine, condensing the volatilized 
phosphorus chloride, evaporating with nitric acid to convert into phosphoric 
acid, and then treating with silver nitrate to form silver phosphate. Vola- 
tilization of the iron was prevented by the addition of potassium chloride. 
This method® was extended to phosphates by igniting them with ferrous 

’ Chem, Centr., 1866 , 737, 769, 803. 

* CA^m. News, X, 97, 122 (i860). 

*Z. anal, Chem., 10 , 136 (1870. 

* Compt. rend., 78 , 1305 (1874). 

*Anleitung zur quantitativen chemiscbcn Analyse, 6th ed., p. 820. 

^ Campt, rend,, 69 , 384 (1864). 

Um ., 66, 1043 (t868). 

67 , 1247 (1868), 
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silicate and carbon in a carbon-lined crucible and then treating the iron 
phosphide in the manner just described. 

Bismuth Methods. — Chancel^ dissolved the phosphate in concentrated 
nitric acid, precipitated the sulfates with barium nitrate and the chlorides 
with silver nitrate, precipitated the excess silver, reduced the iron with 
hydrogen sulfide, and then added bismuth nitrate and collected, ignited, 
and weighed the precipitate. A number of analysts have shown that this 
procedure is inaccurate owing to the contamination of the precipitate by 
small quantities of basic salts. Birnbaum and Chojnacki- modified the 
method by digesting the preci]>itate with ammonia and ammonium sulfide, 
acidifying with acetic acid, boiling, filtering and, after removal of last 
traces of hydrogen sulfide by a few drops of chlorine water, titrating the 
filtrate with uranium solution. 

Lead Methods. — Fischer* precipitated the t)hosphoric acid from its solu- 
tion, made strongly acid with acetic acid, by means of lead acetate and 
weighed the lead phosphate. Fresenius, Neubauer and Luck* found that 
this procedure was inaccurate when iron and aluminum were present in the 
phosphoric acid solution owing to contamination of the precipitate by the 
phosphates of these metals. Rose® states also that the comj)osition of the 
lead phosphate precipitate is not constant and recommended the determi- 
nation of free phosphoric acid by difference in those rare cases where the 
phosphoric acid solution contains only nitric acid in addition. The solu- 
tion was evaporated to dryness with a weighed amount of lead oxide and 
ignited to decompose the lead nitrate. The difference between the final 
w'eight and the weight of the lead oxide used gave the weight of the phos- 
phoric acid (PgOr,) in the solution. 

In the case of aqueous or acetic acid solutions of phosphates, free 
from sulfates and chlorides, Rose precipitated the phosphoric acid with 
lead nitrate or lead acetate and then determined the lead in the precipitate, 
obtaining the phosphoric acid by difference. Baber^ stated that ferric and 
calcium compounds were also precipitated by this procedure. 

Calcium Methods. — Rammelsburg^ added sulfuric acid to the sample, 
heated, cooled, added water and sodium carbonate, evaporated, and ignited. 


’ Cotnpt. rend., 60 , 416 (i860); 51 , 88.5 (1861). 

^ Z, anal. Chem., 9 , 203 (1870). 
nbid., 6, 207 (1866). 

* Ibid., 10 , 133 (1871). 

Ausftihrliches Handbuch der Analytischen Cheniie, 505 (1851). 
^Z. anal. Chem., 4 , 121 (1865). 

Po(jg. Ann. Phys. Chem., 64 , 251 (1845). 
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After extracting with water, ammonium carbonate was added to the solu- 
tion, which was then eva])orated to dryness. After extracting again with 
water, the phosphoric acid was precipitated with calcium chloride, and the 
calcium phosphate was weighed. He later modified the method by adding 
potassium sulfate to the solution of the sample in sulfuric acid and pre- 
cipitating with 8o per cent alcohol. The precipitate was filtered oflF, and 
water was added to the filtrate, which was evaporated to remove the alcohol. 
The solution was then saturated with ammonia, and the phosphoric acid 
was precipitated with calcium chloride. 

Bone black was originally used extensively in France as a fertilizer ma- 
terial. As its value for this purpose became better known and appreciated, 
its price ro.se and various more or less dark materials were added as adul- 
terants until finally there were even sold so-called bone blacks that did 
not contain anything but carbonized peaty clay. These frauds awakened 
the authorities to such an extent that finally the prefecture of Nantes, 
principal center of the bone black industry, created a laboratory for an- 
alyzing fertilizers. Bobierre was charged with the direction of this insti- 
tution. When the number of analyses increased and a rapid method of 
analysis became necessary, Bobierre adopted the procedure of drying the 
sample, igniting it, weighing out i gram of the ignited material, dissolv- 
ing in dilute nitric acid, separating the insoluble matter by filtration, pre- 
cipitating the filtrate by the addition of ammonia in excess and collecting, 
washing, drying, igniting and weighing the precipitate, which was con- 
sidered pure tricalcium phosphate. This method was generally adopted in 
France under the name of the “commercial method,'’ and when super- 
phosphates came into general use the determination of both soluble and in- 
soluble phosphoric acid was carried out by the same method of precipita- 
tion with ammonia with the single modification that a solution of calcium 
chloride was added to furnish an excess of lime to obtain complete precip- 
itation of the phosphoric acid in the case of the soluble portion. 

Although this method was used in French commercial laboratories until 
a comparatively late period, it finally fell into disrepute^ because phos- 
phatic fertilizers began to be adulterated with valueless materials contain- 
ing iron and aluminum, which were also precipitated and consequently 
weighed as calcium phosphate. 

Tzschucke'-^ dissolved the sample in either hydrochloric or nitric acid 
before making the precipitation with ammonia but advised that when the 

’ Joulie, Mon. sci., (3) 8, 212 (187-2)- 
anycw. Chcm., 383, 
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phosphate contained iron and aluminum, a separate determination be made 
of the ferric phosphate and that the weight of this multiplied by the factor 
0.53 be subtracted from the weight of the impure calcium phosphate. He 
likewise recommended the addition of a solution of calcium chloride to 
the solution of the phosphate when insufficient lime was present, as happens 
in the case of commercial precipitated phosphate, before the precipitation 
with ammonia. Silica w'ould also cause too high results and Tzschucke 
recommended the method merely as a way to make a rapid preliminary 
determination. 

In 1829 Rose^ stated that the composition of the precipitate thrown 
down from solutions of phosphates by salts of calcium or lead is always 
uncertain and that it is therefore impossible to calculate the quantity of 
phosphoric acid present from the weight of the phosphates of these metals. 

Aluminum Method. — In the method of Munroe® an aluminum sulfate 
solution of known aluminum content was added to the solution of an alkali 
phosphate, followed by mercuric chloride and sodium or potassium hy- 
droxide until some mercuric oxide was precipitated. After filtering, 
washing and igniting, the precipitate contained only phosphoric acid and 
a known quantity of aluminum oxide. This method is applicable only to 
alkali phosphates and free phosphoric acid. 

Copper Method. — Munroe also added mercurous nitrate and then mer- 
curic nitrate to the hot nitric acid solution of the phosphate, and then 
added sodium hydroxide until mercuric oxide was precipitated. The pre- 
cipitate was washed, dried, mixed with a weighed amount of cupric oxide 
and heated. The phosphoric acid was obtained by difference, the ignited 
precipitate containing cupric oxide and phosphoric acid only. Although 
aluminum salts do not interfere with this method, the presence of ferric 
salts renders it worthless. 

Tin Method. — The determination of phosphoric acid by means of stannic 
phosphate was proposed by Reynoso.^ The phosphate and a weighed 
quantity of pure tin were boiled with nitric acid. After complete oxida- 
tion of the tin the precipitate was filtered, washed, ignited and weighed. 
From this weight there was subtracted the weight of stannic oxide cor- 
responding to the tin originally used. The difference was the phosphoric 
acid. 


' Handbuch det analytischen Chemie. 1829. 
^Am, J. Sci, Arts, ($) 1 , 329 (*871). 
^Compt. rend., 385 (1851). 
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Magnesium Methods. — The determination of phosphoric acid by precipi- 
tation as magnesium ammonium phosphate and weighing as magnesium 
pyrophosphate has been the most generally used gravimetric procedure 
from the time of the earliest analysts. The problems involved in the sepa- 
ration of the phosphoric acid from iron, aluminum and calcium, however, 
have given rise to numerous methods. These may be divided into two 
classes : ( i ) methods in which the phosphoric acid is precipitated directly 
as magnesium ammonium phosphate; and (2) methods in which the phos- 
phoric acid is first precipitated as phosphates of other metals, which are 
then again brought into solution for final precipitation as the magnesium 
salt. 

(T) Magnesium Methods Invohnng Direct Precipitation. — Otto^ acidi- 
fied the solution of the phosphate by the addition of oxalic or acetic acid 
in slight excess, removed the calcium by precipitation with ammonium 
oxalate, filtered, added tartaric acid to prevent the precipitation of iron 
and aluminum upon the addition of ammonia, and precipitated the phos- 
phoric acid from the ammoniacal solution by the addition of a solution of 
magnesium ammonium chloride. 

In the method of Boussingault the lime was separated by the addition 
of sulfuric acid and alcohol. The alcohol was then removed by long boil- 
ing, and the phosphoric acid was precipitated as magnesium ammonium 
phosphate, a little tartaric acid lieing used to prevent the precipitation of 
the iron and aluminum as in Otto’s method. This method was stated by 
Joulie^ to give accurate results but to require considerable time. 

Fresenius® reported that a mixture of tartaric acid, magnesium chloride, 
ammonium chloride and ammonia may, at certain concentrations, give a 
crystalline precipitate resembling that of magnesium ammonium phosphate 
and that, therefore, Otto’s method might give erroneous results. Fresenius 
later recommended^ dissolving the precipitate in hydrochloric acid after it 
had been washed, adding a very little tartaric acid and again precipitating 
with ammonia. Will® called attention to the same source of error as did 
also Mayer,® who showed that the precipitate contained basic magnesium 
tartrate but that no precipitation of tartrate took place under certain def- 
inite conditions of concentration and content of ammonium salts. Accord- 


* Schweigg. /., 07, 148 (1833). 

* Mon, set,, (3) 8 , 212 (1872). 

»/. prokt. Chern,, 45 , 258 (1848), 

* Z. anot. Chem., 8 , 148 <i864)> 

* Anieitung sur Chemischen Analyse, 2nd ed., 137. 
« Ann. Chem. Fhorm., 101 , 164 (1857). 



124 


AGRrCUWUKAt ANAIvYSlvS 


ing to Knapp, ^ the tartrate method can not be used when more aluminum 
is present than corresponds to the phosphoric acid because then the pre- 
cipitate of magnesium ammonium phosphate does not form at all. 

Warington,- first recommended the substitution of citric acid for tar- 
taric acid, although Fresenius^ had stated that the use of citric acid gave 
unsatisfactory results. In 1864* Fresenius again advised against the use of 
citric acid when other substances were to be determined in the filtrate, as 
in soil analysis for which Warington had especially recommended the 
method. It was first shown by Brassier'' that the preliminary removal 
of calcium was not necessary in the citrate method. He proceeded as fol- 
lows: The hydrochloric acid solution of the phosphate was precipitated 
by an excess of ammonia ; the precipitate of iron, aluminum and calcium 
phosphates was redissolved by the addition of citric acid drop by drop 
while the liquid was kept ammoniacal. Magnesium chloride was then 
added in sufficient quantity to obtain all the phosphoric acid as magnesium 
ammonium phosphate. The precipitate was washed with an ammoniacal 
solution, dried, calcined and weighed. He states that sulfates must not be 
present in the solution except in traces, otherwise calcium sulfate is pre- 
cipitated upon the addition of the ammonia, and also that a large excess 
of ammonium citrate should not be present since the magnesium ammo- 
nium phosphate is appreciably soluble in both ammonium tartrate and am- 
monium citrate. The results obtained were very satisfactory though 
slightly low when the calcium was not previously separated. 

Fresenius, Neubauer and Luck,’’ however, stated that the direct pre- 
cipitation of phosphoric acid in the presence of tartaric or citric acids 
did not give satisfactory results because of the simultaneous precipitation 
of basic magnesium salts and because of the solubility of the magnesium 
ammonium phosphate in ammonium tartrate and ammonium citrate. In 
the determination of citrate-soluble phosp>horic acid, therefore, they first 
destroyed the organic matter in the ammonium citrate solutions they ob- 
tained and used either the molybdate-magnesium, or uranium method. 

With the introduction of the concepts ‘'reverted phosphoric acid*' and 
"soil soluble,’' "assimilable” or "available” phosphoric acid the question of 
the direct precipitation of phosphoric acid as magnesium ammonium phos- 


» Z. anal. Chem., 4 , 152 (1865). 

*/. Chcm. Soc., 304 (1863). 

*/. prakt. Chcm., 45 , 258 (1848). 

* Z. anal. Chem., 3 , 148 (1864). 

^Ann. Chim. Phys., (4) 7 , 355 (iS66). 
anal. Chem., 10 , 137 (i 870 - 
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phate acquired additional interest since the solvent action of ammonium 
citrate solutions upon certain water-insoluble phosphates was employed as 
a means of separating such phosphoric acid from that considered of no 
immediate value to plants. 

Joulie^ now showed that the interference of calcium sulfate, as well as 
of calcium chloride, with the accuracy of the results obtained by the Bras- 
sier method could be obviated by using certain precautions with reference 
to the relative proportions of the reagents employed. He prepared a 
citro-magnesia solution from 400 grams of crystallized citric acid, 20 grams 
of magnesium carbonate and 200 grams of distilled water; added 500 cc. 
of ammonia (22^ Be.) after the magnesium carbonate had been com- 
pletely dissolved, cooled and brought to a liter with water. The phosphoric 
acid was precipitated by the addition of this solution and ammonia. The 
precipitate was dissolved and titrated with a uranium solution or repre- 
cipitated and weighed. 

Classen‘S evaporated the hydrochloric acid solution of the phosphate to 
dryness to remove free acid, added a potassium oxalate solution, digested 
on a water bath, added acetic acid to dissolve iron oxide, heated, and 
added 95 per cent alcohol as long as a precipitate formed. After standing 
six hours the liquid was filtered, and the precipitate was washed by de- 
cantation with alcohol. The filtrate containing the phosphoric acid w^as 
evaporated to remove acetic acid and' alcohol, water was added and any 
silica jiresent was filtered off. The phosphoric acid in the filtrate was then 
precipitated by the addition of ammonia and magnesium chloride. 

In the method of Teschemacher and Smith*' the phosphate was dis- 
solved in hydrochloric acid. Ammonium sulfite was added to the solution, 
which was then boiled to reduce the iron. The boiling solution was 
poured into an acetic acid solution of oxalic and citric acids and then am- 
monia was added to complete the preci])itation of the calcium oxalate. 
After reacidification with acetic acid, the precipitate was filtered off, and 
ammonia and magnesia mixture (200 grams of magnesium chloride and 
100 grams of ammonium chloride in 1000 grams of water) were added to 
the filtrate. The precipitate was washed with ammonia, dissolved in hy- 
drochloric acid with the addition of citric acid, and reprecipitated with 
the addition of some magnesia mixture and ammonia. 


^ Mon. sci., (3) 2 ^ 212 (1872). 
* 2 . anal. Chetn.^ 18 , 373 (1879). 
19 , 499 (1880). 



126 


AGRICULTURAL ANALYSIS 


Petermann' who made a study of the Joulie method for the determina- 
tion of citrate-soluble phosphoric acid by direct precipitation of the phos- 
phoric acid from the ammoniacal ammonium citrate solution and its sub- 
sequent determination by titration with a uranium solution, found that the 
ammonium acetate formed by the solution of the precipitate in acetic acid 
interfered with the determination of the end point of the uranium titra- 
tion by the potassium ferrocyanide and consequently the results might 
easily be too high. He therefore adopted the following method which 
retained the direct precipitation of magnesium ammonium phosphate: 

To 100 cc. of the filtrate from the ammonium citrate extraction (see citrate - 
soluble phosphoric acid, p. 109) add 60 cc. of the usual magnesia mixture (no 
grams of magnesium chloride, 140 grams of ammonium chloride, 700 grams of 10 
per cent ammonia, and 1300 grams of water) while stirring constantly. Allow to 
stand for 12-14 hours, filter, wash, ignite, and weigh. 

Since analysts engaged in fertilizer control work at this time desired 
to obtain a shorter way for determining the phosphoric acid in ‘"citrate- 
soluble” extracts than the molybdate-magnesia method with its prelimi- 
nary destruction of organic matter, Petermann's method was welcomed. 
That the method of direct precipitation was prone to errors, however, was 
clearly shown by Brunner,^ who found more “citrate-soluble” phosphoric 
acid, as determined by the direct precipitation method, than total phos- 
phoric in the examination of a number of coprolites. The high results, 
apparently due to the use of an excessive quantity of magnesia mixture, 
were avoided by Petermann, as stated previously, by limiting the volume 
of magnesia mixture to 60 cc. for 100 cc. of the “citrate-soluble” solution. 

Grupe and Tollens^ found that the Petermann direct precipitation of 
magnesium ammonium phosphate from an ammonium citrate solution did 
not precipitate all the phosphoric acid, and that the precipitate contained 
calcium and more magnesium than corresponded to magnesium ammo- 
nium phosphate. Correct results were obtained by a com}3ensation of 
errors. The method, in consequence, has frequently been termed the com- 
pensation method. 

Glaser,^ as well as Joulie and Petermann, found that sulfates did not 
interfere with the direct precipitation of magnesium ammonium phosphate 
under suitable conditions, and he actually used for the precipitation a mag- 


^ Landw. Vers.-StHf 24 , 328 (1880). 
^Z, anal. Chem., 19 , 144 (1880), 
»/. Landw., 30 , i (1882). 

^Z. anal. Chem., 2 < 178 (i88s). 



methods eor determination of phosphoric acid 


127 


nesia mixture containing 140 grams of magnesium sulfate, 150 grams of 
ammonium sulfate, 30 grams of ammonium chloride, 350 cc. of 16 per 
cent ammonia and 1650 cc. of water. Ammonia was added to the phos- 
phoric acid solution until just a slight precipitate was formed. A 50 per 
cent citric acid solution was then added (3-4 cc.) as in Brassier’s method. 
The magnesia mixture was added dropwise to the cold solution and then a 
strong excess of ammonia was added. After 6-12 hours’ standing, the pre- 
cipitate was filtered off, washed with dilute ammonia (250 cc. of 16 per 
cent ammonia diluted to i liter), dissolved in dilute sulfuric acid (too cc., 
66^ Be. acid diluted to i liter), and again precipitated with ammonia and 
a little of the magnesia mixture. After the precipitate had settled out, 
it was filtered off, washed, ignited, and weighed. Glaser claimed that a 
preliminary separation of silica was unnecessary with this method, and 
that the results were absolutely accurate. 

The following procedure was used by Aubin 

One gram of the pulverized sample was placed in a 200 cc. flask, along with 
10 cc. of hydrochloric acid, and kept at a hoil about 10 minutes. Ten cc. of a satu- 
rated .solution of .sodium acetate in 46 per cent acetic acid w^as then added, the 
v(dume was made up to 40 or 50 cc., and 2-3 grams of ammonium oxalate was added 
to the boiling solution. The filtrate from the calcium oxalate precipitate was cooled, 
made ammoniacal, 20 cc. of ammonium citrate was added to keep the iron and 
aluminum in solution, and the phosphoric acid was precipitated by the addition of 
magnesia mixture (200 grams of crystalline magnesium chloride and 150 grams of 
ammonium chloride in water to make i liter). The magnesium aimronium phos- 
phate precipitate was filtered off, washed with ammoniacal water, dried, incinerated, 
and weighed. (The presence of calcium fluoride does not interfere with the 
determination.) 

In 1890 the Verband lanclwirt.schaftlicher Versuchsstationen- decided 
that the citrate, or direct method, was permissible for use in the determi- 
nation of phosphoric acid in fertilizers but prescribed that the molybdate- 
magnesium method must be used in referee or umpire analyses. The 
exact directions of the citrate method, as used at the Halle Experiment 
Station (the Biihring method)," were prescribed. The method is as fol- 
lows : 

REAGENTS 

Ammonium citrate solution . — Dissolve 1500 grams of citric acid in 5000 cc. ot 
24 per cent ammonia and bring to a volume of 15,000 cc. with water. - 

Magnesia mixture . — Dissolve 500 grams of ammonium chloride and 1050 grams 
of magnesium chloride in 3500 cc. of 24 per cent ammonia and 6500 cc. of water. 

‘ Compt . rend ., 100 , »59S (»88s). 

^ Landw . Vers .- Sta ., 37 , 291 ( 1890 ). 

^ Chem . Ind ., 13 , 139 ( 1890 ). 
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preparation op sokution 

Prepare the water-soluble, citrate-soluble and total phosphoric acid solutions of 
the superphosphates and double superphosphates in the usual way. 

In the case of insoluble phosphates, l)oil 5 grams of the very finely ground ma- 
terial with 20 cc. of concentrated nitric acid and 50 cc. of concentrated sulfuric acid 
for 30 minutes ; after cooling, dilute to 500 cc. with water and filter. Take 50 cc. 
for the determination. 

Prepare a total phosphoric acid solution of Thomas slag by moistening 10 grams 
in a porcelain dish with a little water; add 5 cc. of sulfuric acid (i -f- 1) and, after 
caking of the mass, add 50 cc. of concentrated sulfuric acid and heat for 30 minutes, 
stirring at intervals. Before the mixture is completely cooled, add 50-75 cc. of 
water, wash into a 500 cc. fiask, cool, fill to the mark, and filter. Take 50 cc. for 
the determination. 


DETERMINATION 

Superphosphates . — Add 50 cc. of the citrate solution to 50 cc. of the super- 
phosphate solution corresponding to i gram of superphosphate, then add as quickly 
as possible 25 cc. of the magnesia mixture and shake for 30 minutes. (The filtra- 
tion may be made immediately or after 2 or 3 days.) 

In the case of double superphosphates, which at times contain considerable 
quantities of pyrophosphates, dilute 25 cc. of the phosphate solution, corresponding 
to 0.5 gram of the double superphosphate with 50-75 cc. of water, add 10 cc. of 
concentrated nitric acid and heat i hour; then add an excess of ammonia to the 
acid solution and acidify with a few drops of nitric acid; after cooling, add 50 cc, 
of citrate solution and 25 cc. of magnesia mixture and proceed as with super- 
phosphates. 

Insoluble Phosphates and Slag'S, — Add 100 cc. of the citrate solution to 50 cc. 
of the phosphate solution, cool, add 25 cc. of magnesia mixture, shake 30 minutes, 
and proceed as for superphosphates. 

The use of sulfuric acid for dissolving raw phosphates instead of the 
generally used aqua regia has the advantage of not necessitating a separa- 
tion of the silica since it is insoluble in boiling sulfuric acid. Also the 
aluminum is rendered practically insoluble. An additional advantage is 
the partial elimination of the calcium as gypsum. The use of sulfuric 
acid makes the citrate method applicable to raw phosphates. 

After the introduction of Wagner’s acid ammonium citrate extraction 
method for Thomas slag meals it was natural to attempt to apply the di- 
rect method of precipitation to the determination of citrate-soluble phos- 
phoric acid in Thomas slags. Experiments by Wagner in 1894,^ how- 
ever, showed that the acid ammonium citrate extract of the Thomas slag 
meal could not be precipitated directly by the addition of citrate solution 


^ Chem, Ztg., 1933 (i894)> 
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and magnesia mixture since almost without exception these extracts con- 
tained silicic acid and the results were consequently too high. Bottcher^ 
found, however, that the citrate method could be used with but slight modi- 
fication to give accurate results. This was shown by a comparison of 
the results obtained by the citrate and molybdate-magnesium methods when 
apjilied to 52 Thomas slag meals. The directions given by Bdttcher were 
essentially the same as those used for the analysis of other phosphatic 
fertilizers: add 50 cc. of the usual citrate solution (Marcher’s) and 25 cc. 
of magnesia mixture (Marcher’s) to 50 cc. of the citrate extract of the 
Thomas slag, obtained by the Wagner method, shahe 30 minutes in a 
shahing apparatus and filter through a Gooch crucible. He emphasized, 
however, that after the precipitation with the citrate solution and mag- 
nesia mixture the solutions should not remain standing for hours but 
should be filtered as quichly as possible. .He also stated that the Wagner 
extracts themselves should not be permitted to stand any considerable 
length of time but should be used the same day to give correct results by 
the direct precipitation method. 

Marcher’s citrate solution contained 110 grams of pure citric acid and 
400 grams of 24 per cent ammonia per liter and was alkaline in reaction. 
The magnesia mixture was made by dissolving 55 grams of magnesium 
chloride, 105 grams of ammonium chloride, and 250 cc. of 24 per cent 
ammonia in sutficient water to make i liter, allowing to stand .several days, 
and filtering before use. 

The method developed by Bdttcher was modified by Wagner^ as fol- 
lows and became known as the Bdttcher- Wagner method. 

To 50 cc. of freshly prepared citrate extract, which has nol stood for more than 
I hour, add 50 cc. of citrate-containing magnesia mixture and stir 30 minutes, using 
the Stutzer stirring apparatus. Filter the precipitate at once, or at most after i 
hour, and treat further in the usual manner. 

Prepare the citrate-containing magnesia mixture by dissolving 200 grams of 
citric acid in 20 per cent ammonia, diluting to i liter with 20 per cent ammonia, and 
mixing with i liter of magnesia mixture. Prepare the magnesia mixture by dis- 
solving 110 grams of pure crystallized magnesium chloride and 140 grams of am- 
monium chloride in 700 cc. of 8 per cent ammonia and 1300 cc. of water. 

The fertilizer committee of the Verband landwirtschaftlicher Versuchs- 
stationen, in 1902, recommended that the direct precipitation of the citric 


’ Ch£nt. Ztff., 91 , 168, 783, 993 (1897). 
» Ibid., 905. 
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acid extracts of Thomas slags be carried out exclusively by means of the 
Wagner citrate-containing magnesia mixture as given above. 

Although this method of direct precipitation as a rule gave sufficiently 
accurate results, exceptions were found. Thus, in 1899, Wagner observed 
that certain Thomas slags of Bohemian origin usually contained very large 
quantities of silicic acid and that they could not be analyzed in this way 
because the precipitates frequently contained so much silica as to give re- 
sults as much as 5 per cent too high. Accurate results could only be ob- 
tained by eliminating the silicic acid by evaporation of the citric acid ex- 
tract with hydrochloric acid prior to the precipitation; i(X) cc. of the 
citric acid extract was evaporated on the water bath with 7.5 cc. of hydro- 
chloric acid (sp. gr. 1.12), or 5 cc. of concentrated hydrochloric acid, to 
a sirup which gave no odor of hydrochloric acid. The residue was then 
thoroughly stirred while still hot with 1.5-2 cc. of hydrochloric acid (sp. 
gr. 1. 12) and dissolved in water to make 100 cc. The phosphoric acid 
was determined by the direct method in 50 cc. of the filtered solution. 
Since all Thomas slag meals did not require the preliminary elimination 
of silicic acid and the hydrochloric acid evaporation was trouble.some, it 
was necessary to find a reliable procedure to distinguish the slags retjuir- 
ing the preliminary treatment from the others. 

Kellner and Bdttcher^ found that when 50 cc. of the citric acid ex- 
tracts of these high silica slags was boiled for about a minute with the 
addition of an equal volume of Marcher’s alkaline citrate solution, con- 
taining no grams of citric acid and 400 grams of 24 per cent ammonia 
per liter, ^ and set aside for 5-10 minutes, a precipitate that was not en- 
tirely soluble in hydrochloric acid was obtained. Wagner^ later used the 
Kellner and Bdttcher test to separate the silica in the course of analysis. 
After preliminary precipitation by boiling the citric acid extract with the 
citrate-containing magnesia mixture, hydrochloric acid was added. The 
solution was then filtered, and the phosphoric acid in the filtrate was pre- 
cipitated by the addition of ammonia. This method, however, proved 
inaccurate because not all the silicic acid was eliminated. 

At the 19th general meeting in 1903* the Verband landwirtschaftlicher 
Versuchsstationen decided (i) that the direct, so-called Bdttcher method 
w^as alone permissible, even in the case of umpire analyses, for the de- 
termination of phosphoric acid in all fertilizer materials (raw phosphate 

^ Chem. Ztg., 26 , 1151 ( 1902 ). 

^ Landw. Vers.-Stti>, 42 , 105 ( 1893 ). 

Ub:d., 66 , 257 ( i 907 ). 

* Ibid., 60 , 221 ( 1904 ). 



methods for determination of phosphoric acid 131 

for the time being excluded) ; (2) that each Thomas slag meal extract 
should be first tested by the Kellner method; and (3) that if the test 
was positive the silica must be separated. The Wagner directions and 
the citrate-containing magnesia mixture were prescribed. It is interesting 
to note that the citrate solution used in the Kellner test contained 1 10 grams 
of citric acid per liter, while the citrate solution used for the direct pre- 
cipitation contained 200 grams of citric acid per liter. 

It w’as soon found that the Kellner test was not always reliable and 
as a consequence eflForts were directed toward a simplified method for 
separating the silica in the case of all slags. 

Naumann^ now proposed a modification of a method of his that had 
been recommended l^y Marcher in 1896“ as giving accurate results but 
which had not been adopted by the Verband landwirtschaftlicher Ver- 
suchsstationcn because of certain minor drawbacks such as the develop- 
ment of nitrogen oxide fumes. This modified method, used at the Halle 
Control station, was as follows: 

Shako 5 grains of the Thomas slag 30 minutes in a rotating apparatus with 2 
per cent citric acid in a 500 cc. flask. After filtration pipet 100 cc. into a 250 cc. 
flask, add 8 cc. of nitric acid and boil th€‘ mixture over a small flame to about 25 cc. 
.^ftcr cooling slightly add 25 cc. of concentrated sulfuric acid, with or without the 
addition of 5 cc. of concentrated nitric acid. Reheat the liquid to separate the silica 
and when white fumes replace the brownish-red fumes (in about 10 minutes) dis- 
continue the boiling, and cool the solution; add water cautiously to dissolve the pre- 
cipitated gypsum, and after cooling again bring the solution to the mark. After 
shaking and filtering, take 125 cc. of the filtrate, add a drop of rosolic acid, 50 cc. 
of ammonium citrate solution and 35 cc. of concentrated ammonia, cool the mixture, 
and add 50 cc. of 24 per cent ammonium citrate solution plus 25 cc. of magnesia 
mixture. Shake the mixture thirty minutes vigorously and then filter. 

At the Darmstadt station the following method was devised 

Place 100 cc. of the citric acid extract in a 200 cc. flask and add 50 cc. ot 
citrate-magnesia mixture. Heat the flask over a small flame about 15 minutes until 
the silica separates, shake with a rotary motion to agglomerate the silica, heat over 
a larger fiame to initial boiling, cool, and add 25 cc. of hydrochloric acid (sp. gr. 
1. 124). After allowing to stand 30 minutes with occasional shaking, bring the 
solution to the mark with water and shake vigorously until the floccules have dis- 
integrated. Filter and shake 100 cc. of the filtrate 30 minutes in the Stutzer shaking 
machine with 50 cc. of 10 per cent ammonia. After filtering, treat the precipitate 
in the usual manner. The citrate-magnesia mixture was made as follows: Place 


* Chem. Ztg,, 27 , 120, 155 (1903). 

^ Landw. Vers.-Sia., 47 , 154 (1896). 
^ Ibid., 26 , 263 (1907). 
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2 kg. of citric acid and 400 grams of ammonium chloride in a 10 liter bottle and 
add 2 liters of water and 5 liters of 20 per cent ammonia. Stopper the bottle to 
prevent loss of ammonia until everything is in solution and the solution is cool. 
Then add 550 grams of magnesium chloride and sufficient water to make 10 liters. 

WeibulP meanwhile found that although he got results which were in 
agreement when he compared the procedure of direct precipitation with 
magnesia mixture with the molybdate-magnesium method in the analysis of 
Thomas slags, too high results were obtained by the citrate method in the 
case of Wiborgh phosphates, because silicic acid rendered the magnesium 
ammonium phosphate impure. Weibull also found that a Thomas slag 
containing just as much silicic acid as the Wiborgh phosj)hate gave ac- 
curate results with the citrate method. He ascribed the difference in 
behavior to the large amount of iron in the solution of the Thomas 
slag, since that of the Wiborgh phosphate was almost free from iron, 
and found that correct results could be obtained for the Wiborgh phos- 
phate by adding a solution of ferric chloride just prior to the precipi- 
tation with magnesia mixture. Subsequent work by Weibull-' on a Thomas 
slag especially rich in silicic acid, which gave too high results by the citrate 
method, showed that correct results were obtainable upon the addition of 
ferric chloride as indicated above. Although the slag contained consider- 
able iron, it was but slightly dissolved in the citric acid solution, since it 
appeared almost exclusively as manganomagnetite in an almost iron-free 
mass of calcium magnesium silicophosphate. 

Wagner modified Weibull’s directions as follows : 

Fifty cubic centimeters of the citric acid extract was pipetted into a l^eaker, 
which was placed in a stirring apparatus containing cool water (i2'’-i8° C.), and 
stirred at the rate of 250-300 turns per minute and 50 cc. of an iron citrate-magnesia 
mixture was added. The stirring was continued for 30 minutes, and the precipitate 
was filtered off, washed, dried, ignited, and weighed. The iron citrate-magnesia 
mixture was prepared by dissolving 200 grams of citric acid in 20 per cent am- 
monia, bringing to i liter with 20 per cent ammonia, and adding i liter of magnesia 
mixture and 20 cc. of a 20 per cent ferric chloride solution. 

An extensive study was made by Popp, Contzen, Hofer and Mentz® of 
the soluble silica in basic slags with reference to when it was ‘‘harmful,*’ 
its form when “harmful,” and means of rendering it harmless. They 
fotttid that it was harmful only when the slag meals were poor in iron, and 


' Svensk. Kcm, Tid., 14 , 135 (1902). 

* Chem. Zig. Repertoriunif 86 , 355 ( 1902). 
^ Landw, Vers,-Sta,, 79 > 80 , 229 (1913). 
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that the absolute quantity of soluble silica was of only minor importance, 
since even a silica content of 7 per cent could be harmful under such cir- 
cumstances. They also determined that the harmful effect was due to a 
conversion of the silica from a crystalloid to a colloid state. The favor- 
able action of iron in preventing the formation of colloidal silica was ex- 
plained as being due to the protective colloid action of the iron citrate on 
the silica, the silicic acid colloidally dissolved in the alkaline solution being 
kept in solution by the presence of considerable quantities of ferric ions. 
The frequent cause of the failure of the iron citrate method to give good 
results had been found at the Darmstadt station to be due to the fact that 
many Thomas slag meals contained such considerable quantities of decom- 
posable sulfides that their citric acid extracts, which smelled strongly of 
hydrogen sulfide, gave a black precipitate of iron sulfide upon the addition 
of the ferric citrate solution and contaminated the phosphoric acid pre- 
cipitate. Popp and his colleagues overcame this difficulty by using hydro- 
gen peroxide. Their improved ferric citrate method was adopted by the 
Verband landwirtschaftlicher Versuchsstationen. It may be found on 
p. 196. 

As stated previously, the Verband landwirtschaftlicher VersuchsstJi- 
tionen in 1903 adopted the citrate method for the determination of phos- 
phoric acid in superphosphates. This method was a combination of the so- 
called Halle citrate procedure' and the Bdttcher method of precipitation.* 
In 1913, the use of the Lorenz molybdate method was permitted for a 2 
year period as an alternative procedure for the determination of water- 
soluble phosphoric acid in superphosphates and mixed fertilizers contain- 
ing superphosphate,* although the citrate method alone was permissible for 
umpire analysis. In 1916, however, the use of the citrate method only was 
permitted, and this is the official method in Germany at the present time 
for the determination of water-soluble and total phosphoric acid in super- 
phosphates and double superphosphates. Either the citrate method or the 
Lorenz molybdate method may be used for the determination of citrate- 
soluble phosphoric acid as obtained by the Petermann method.^ 

(2) Magnesium Methods Involving Preliminary Precipitation as Phos- 
phates of Other Metals. — Berzelius* neutralized the hydrochloric acid solu- 
tion of the phosphate with sodium carbonate and evaporated the solution 


^ Landw. P'ers.’Sta,, 38 , 284 (1891). 
‘Ibid., 40 , 52, 55 (1892). 

‘ Ibid., Bl, 188 (i9<3); 85 , 250 (x9i4)- 
* Ibid., 99 , 96 (1921*1922). 

^ Irekrhuch der Chemie, 4tti ed., p. 95. 
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and the precipitate to dryness, added an equal quantity of one and a half 
times as much pure silica and six times as much sodium carbonate, and 
ignited at a red heat in a platinum crucible. Water was added to the sin- 
tered mass, and then ammonium carbonate was added ; the solution, having 
stood for some time, was filtered. The filtrate was acidified with hydro- 
chloric acid and ammonia was adde<l in excess. The phosphoric acid was 
then precipitated with magnesia mixture. Rammelsburg^ used a similar 
method. 

In the method of Rose- the iron, aluminum and phosphoric acid were 
separated from the lime by means of barium carbonate. The precipitate 
was dissolved in hydrochloric acid, the barium was removed by precipita- 
tion with sulfuric acid, and the Berzelius method was followed from this 
point. 

Fresenius* dissolved the phosphate in hydrochloric acid, eva]X)rated the 
solution to dryness, moistened with hydrochloric acid, added water, and 
filtered to remove silica. The solution was then boiled and, after removal 
from the flame, a solution of sodium sulfite was added until the color was 
light green. After boiling to remove sulfur dioxide and adding sodium 
carbonate which gave a white precipitate and an excess of sodium hy- 
droxide, the boiling was continued until the precijutate was black and 
granular. The clear liquid was decanted oflF, and the precipitate was 
washed with hot water. The precipitate contained the iron, lime and a por- 
tion of the phosphoric acid, and the filtrate contained the aluminum and the 
remainder of the phosphoric acid. 

The precipitate was dissolved in hydrochloric acid, reduced with sodium 
sulfite, almost neutralized with sodium carbonate and heated to boiling; 
a few drops of chlorine water were added, then an excess of sodium acetate 
and, if the fluid or precipitate was not reddish, additional chlorine water 
was added until it was so colored. After boiling, the precipitate was filter- 
ed hot and washed. It contained the iron and phosphoric acid and was 
dissolved in hydrochloric acid, reduced with sodium sulfite, boiled with 
excess sodium hydroxide and filtered. This filtrate contained the phos- 
phoric acid. 

The filtrate containing the aluminum and phosphoric acid was acidified, 
boiled after the addition of potassium chlorate, precipitated with ammonia 
and barium chloride was added as long as a further precipitate formed. 
This was filtered off, dissolved in as little hydrochloric acid as possible, 

’ Anfangsgrtinde quantitativen analytischen Chemie, p. 119. 

* Pogg. Ann., 70 , ai8 (1849). 

*/. prakL Chcm., 46 , 357 (1848). 
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saturated with barium carbonate and heated ; sodium hydroxide was added 
in excess and also sodium carbonate to precipitate any excess barium. The 
precipitate, which contained the phosphoric acid, free from aluminum, was 
filtered off and dissolved in hydrochloric acid ; the barium was precipitated 
with dilute sulfuric acid and filtered ; and the filtrate was united with the 
final filtrate from the treatment of the precipitate that contained the iron, 
lime and phosphoric acid. The combined filtrates were united and satur- 
ated with ammonia, and the phosphoric acid was precipitated with mag- 
nesium sulfate. 

Schulze^ nearly neutralized the hydrochloric acid solution which contain- 
ed iron and aluminum in excess of the phosphoric acid and, after adding 
ammonium acetate and diluting, boiled until the iron and aluminum were 
j)recipitated as basic acetates, together with the phosphoric acid. He later^ 
substituted ammonium formate for the ammonium acetate, thereby facili- 
tating the washing of the ])recipitate. The precipitate was evaporated with 
a concentrated solution of potassium hydroxide and then ignited. The 
fused mass was treated with water when the aluminum and phosphoric 
acid passed into solution. The alkaline fluid was acidified with hydro- 
chloric acid, tartaric acid was added, and the phosphoric acid w^as pre- 
cipitated with magnesia mixture. 

A method recommended by Rose,*^ but which cannot be used in the pres- 
ence of aluminum, is to add an excess of mercury to the nitric acid solu- 
tion of the phosphate and heat until the nitric acid is completely driven 
off. The portion insoluble in water, consisting of mercurous ]>hosphate, 
basic mercurous nitrate and mercury, is mixed with potassium or sodium 
carbonate and carefully heated until the mercury has been driven off and 
the nitrates decomposed. The mixture is then heated to fusion to decom- 
])ose the mercurous phosphate, cooled, treated with water, and filtered if 
necessary. Magnesia mixture is added to the filtrate. 

Chancel^ dissolved the phosphate in a slight excess of nitric acid, diluted 
the solution with water and added silver nitrate and silver carbonate. The 
silver phosphate was filtered off, washed and dissolved in nitric acid ; 
the silver was precipitated with hydrochloric acid and the filtrate was made 
alkaline with ammonia. The phosphoric acid was then precipitated with 
magnesia mixture. Because iron and aluminum precipitate with the silver 
phosphate, the method can not be used when these metals are present. 

^Jahrb, Akademie Bldena, 1 , 306 (1848). 

* Chem, Centr., 1861 , 3. 

* AusfuhrlichcH Handbuch der analytischen Chemte, Vol. II, p. 527. 1851. 

* CompL tend,, 4 S, 997 (1859). 
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The Chancel bismuth method was modified by Adriaansz^ by adding 
sodium thiosulfate to the hydrochloric acid solution of the phosphoric acid, 
having an excess of aluminum present, and heating, after the iron was 
completely reduced, to precipitate the phosphoric acid. The precipitate was 
washed and dissolved in nitric acid, a little silver nitrate and barium nitrate 
being added to remove chlorides and sulfates. The solution was then 
filtered, strongly diluted, treated with bismuth nitrate, heated 2-3 hours 
on the water bath, and allowed to stand for several days. The precipitate 
of bismuth phosphate, containing some iron and aluminum, was filtered 
oflF and dissolved in hydrochloric acid. The solution was treated with hy- 
drogen sulfide to remove bismuth and filtered, and the filtrate was heated 
to drive off the excess hydrogen sulfide. The iron was oxidized by the ad- 
dition of a few drops of nitric acid, and the phosphoric acid was finally 
precipitated with magnesia mixture after the addition of a little citric acid. 

In Warington’s^ procedure the phosphate was fused with silica and dis- 
solved in nitric acid, ammonia was added to remove an unnecessary excess 
of acid and then an excess of lead acetate was added, or the solution was 
digested with successive portions of litharge, after the addition of lead 
nitrate, until it was slightly alkaline. In the latter case the solution was 
finally acidified with a few drops of acetic acid. After washing the precipi- 
tated lead phosphate by decantation with warm water containing ammonium 
acetate, it was either (i) dissolved in nitric acid and the lead precipitated 
with hydrogen sulfide, (2) dissolved in nitric acid and the lead precipitated 
with sulfuric acid, or (3) treated with an oxalic acid solution and a few 
drops of potassium oxalate (applicable only to the precipitate formed with 
lead acetate). After removal of the lead, citric acid and an excess of am- 
monia were added to the filtrate, and finally magnesia mixture was added. 

Reissig'** improved Reynoso's method (see p. 122) as follows: The phos- 
phate was dissolved in concentrated nitric acid and the solution, with tin- 
foil added, was warmed for 5-6 hours. The precipitate was then digested in 
a platinum dish with a potassium hydroxide solution, which converted it 
into ix)tassium metastannate and potassium phosphate, lx)th of which dis- 
solved upon the addition of hot water. The solution was diluted and 
treated with hydrogen sulfide ; after the addition of some ammonium sul- 
fide, acetic acid was added until the tin was precipitated as sulfide and the 
solution was slightly acid. An aliquot portion of the filtrate from this 


* Z. anal. Chent., 10, 473 (1871). 

=* Chem. News, lO/ t (1864). 

^ Ann. Chem. Pharm,, 98, 339 (X856). 
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precipitate was then evaporated to a small volume, and the phosphoric acid 
was precipitated as magnesium ammonium phosphate. 

According to Girard^ almost all the iron and aluminum are precipitated 
in Reynoso's method. To avoid errors due to this cause, he dissolved the 
precipitate in aqua regia and treated with an excess of ammonia and am- 
monium sulfide, thereby precipitating the iron and aluminum with the tin. 
After standing 30 minutes the precipitate was filtered off and washed with 
an ammonium sulfide solution. Magnesium sulfate was then added to 
the filtrate to precipitate the magnesium ammonium phosphate. 

Schulze'^ dissolved the phosphate, after ignition to destroy organic mat- 
ter, in hydrochloric acid ; filtered ; nearly neutralized with dilute ammonia ; 
added antimony (lentachloride, while stirring; and allowed to stand 12-24 
hours. The precipitate was washed, boiled with a sodium hydroxide solu- 
tion containing a little sodium silicate, and filtered. Hydrochloric acid and 
then ammonia were added to the filtrate, which was concentrated and 
treated with more ammonia, and the precipitate was filtered off. Since it 
contained a small quantity of phosphoric acid it was redissolved in a little 
hydrochloric acid, the solution was eva]X)rated to dryness and the residue 
was warmed with a little acidulated water. After filtering, a small quantity 
of tartaric acid was added to the filtrate, which was then mixed with the 
preceding ammoniacal filtrate containing most of the phosphoric acid. The 
phosphoric acid was now separated from the combined solutions in the 
usual manner as magnesium ammonium phosphate. 

CiRAVJMETRic Methods — (b) Involving Molybdate Precipitation 

Direct Weighing Methods. — A yellow precipitate of ammonium phos- 
phomolybdate forms when a solution of ammonium molybdate in nitric 
acid is added to a solution of a phosphate. The comjKisition of this pre- 
cipitate varies with the conditions under which it is formed and the treat- 
ment to which it is subjected previous to weighing. The formula usually 
assigned to the precipitate is (NH4).jP04. i2Mo0..t, which contains 3.784 
per cent phosphoric acid (PaOr.)- The variability of the composition of the 
precipitate, as prepared ))y different analysts, is well illustrated by the fact 
that Sonnenschein*'^ found that it contained 3.03 per cent P.O-, ; Seligsohn,^ 


’ Compt. rcnd.t 64 , 468 (1862). 

^ Ann. Chetn. Pharm., 103 , 171 (1859). 
**/. prakt, Chem., 63 , 342 (1851). 

* Jbii., 37 , 473 (1856). 
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3.14 per cent; Sopp,^ 3.20 per cent, and Gladding,^ 3.76 per cent. Under 
precisely determined conditions, however, the precipitate has, within cer- 
tain limits, a constant composition, and a number of methods involving the 
direct weighing of the yellow precipitate have been used extensively. 

In the method of Eggertz^ the phosphoric acid was precipitated at or- 
dinary temperatures and digested in a bath at 40'^ C. for 2-3 hours with 
stirring from time to time. The yellow precipitate was collected on a tared 
filter paper, washed with water containing i per cent of nitric acid, and, 
after drying at 95° C., was weighed. Thus prepared, it contained 3.74 
per cent PaOe. 

Lipowitz^ precipitated from a boiling solution by means of a molybdate 
solution containing tartaric acid and dried the precipitate at 20^-30° C., 
preferably over sulfuric acid. It contained 3.607 per cent P2O5. Lipowitz 
was the first to show that the inconstancy of composition of the precipitate 
was due to occlusions of molybdic acid. 

Finkener” washed the precipitate, made at ordinary temperatures, with a 
20 per cent solution of ammonium nitrate, which at first contained one- 
thirtieth its volume of nitric acid. The ammonium nitrate was mostly re- 
moved with water, and the precipitate was washed into a porcelain cru- 
cible, that adhering to the filter being dissolved in warm dilute ammonia. 
Concentrated nitric acid was then added in excess, and after evaiX)ration 
the ammonium nitrate was removed by heating over a flame, the crucible 
being protected by a wire gauze. The hygroscopic residue was then cooled 
over sulfuric acid in a desiccator and quickly weighed in the covered cru- 
cible. The precipitate contained 3.794 per cent PgOr,. 

Ammonium citrate was employed by Pellet^ who claimed that the pres- 
ence of this salt insured the formation of ammonium phosphomolybdate 
precipitates of constant composition, corresponding to the formula PgOr,.- 
(NH4)20.24 Mo 03.3H20 and containing 3.75 per cent PgO.v 

Hundeshagen^ washed the precipitate with a 5 per cent solution of am- 
monium nitrate, slightly acidulated with nitric acid and dissolved in warm 
dilute ammonia. If the precipitate was w^ashed off the filter, as was done 
by Finkener, the solution had to be filtered to remove fibers of paper. The 
filtrate was received in a crucible and evaporated with the washings until 

^ L,andiv. Mittheilung., 1 , 62 (1858). 

*/. Am. Chem. Sac., 18 , 23 (1896). 

®/. prafct. Chem., 79 , 496 (i860). 

* Pogg. Ann., 119 , 135 (i860). 

^Ber., 11 , 1638 (1878). 

* Bull. Assoc. Beige Chim., 8, 51 (1888*9). 

anal. Chem.^ 88 , 141 (1889). 
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the liquid retained only a faint odor of ammonia. Dilute nitric acid was 
then added to precipitate the phosphomolybdate. Evaporation was carried 
out as directed by Finkener. The thick residue was at first heated gently 
over a wire gauze and afterward, when it ceased to froth, more strongly 
until the ammonium nitrate was completely expelled. The temperature of 
the crucible was permitted to reach i6o°“i8o® C. The complete volatiliza- 
tion of the ammonium nitrate was indicated by the absence of a coating on 
a watch-glass when placed for 30 seconds on the crucible. The crucible 
with the precipitate was then cooled in a desiccator and weighed with the 
cover on. The precipitate contained 3-753 per cent PgOr,. 

A molybdate solution prepared from 100 grams of molybdic acid, i 
liter of 10 per cent ammonia and 1.5 liters of nitric acid (sp. gr. 1.246) 
was used by Hanamann.^ The molybdate solution was added without heat- 
ing, and the precipitate was stirred vigorously for 30 minutes at room 
temperature. After washing the precipitate with an ammonium nitrate 
solution containing nitric acid and drying, it was gently ignited below red- 
ness in a platinum crucible over a platinum wire screen until it had a 
blue-black color and was of constant composition. The precipitate then 
contained 4.018 per cent P^Oo- It was sometimes necessary to moisten 
the ignited precipitate with ammonia, dry and reheat in order to get the cor- 
rect color. Organic matter in the phosphate was previously destroyed by 
boiling with nitric or chromic acid. 

Meinecke,^ who had shown in 1885^ that the blue-black com])ound could 
be obtained on gentle heating and had given it the empirical formula, 
PgOr, . Mo240«g, with a P2O5 content of 4.018 per cent, now found, as a 
result of additional work on the analysis of phosphates, that the compo- 
sition of the compound was comparatively simple, namely P20.r,.24MoO;>, 
with a P2O5 content of 3.944 per cent. The original procedure of analysis 
was but slightly modified. The molybdate solution was prepared by dis- 
solving 150 grams of ammonium molybdate in 150 cc. of ammonia (sp. 
gr. 0.91) and 850 cc. of water and pouring this mixture, with shaking, 
into I liter of nitric acid (sp. gr. 1.20). After warming for 10 minutes 
at 90® C., the solution was decanted and filtered. To the solution con- 
taining the phosphoric acid to be determined, ammonia (sp. gr. 0.91) and 
then nitric acid (sp. gr. 1.4) were added so as to obtain a solution con- 
taining approximately 5 per cent ammonium nitrate with a slight excess 


‘ Ckem . Ztg ,, 19 , 553 (1895). 

^ Ibid ,, 90 , 108 (1896). 

^ Ripert . anal . Chem ., 153 (1885); 
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of nitric acid. The solution was cooled to 50° C., the molybdate solution 
was added (100 cc. for each o.i gram P2O5), and after continued vigorous 
stirring the precipitate was allowed to settle. For phosphoric acid solu- 
tions containing considerable iron a higher temperature and a greater ex- 
cess of free nitric acid were necessary. The solution in such cases was 
heated to boiling before precipitation and contained at least 10 per cent 
ammonium nitrate and 5-10 cc. excess nitric acid (sp. gr. 1.40) per 100 cc. 
The precipitate in either case was filtered and washed with an ammonium 
nitrate solution (equal volumes of ammonia (sp. gr. 0.91) and nitric acid 
(sp. gr. 1.4) diluted to i liter) and then with water. Finally 96 per cent 
alcohol or an ether-alcohol wash fluid was used. The precipitate and 
filter were placed in a platinum or porcelain crucible and ignited at a faint 
red heat, cooled in a desiccator and weighed. 

The following j)rocedure was used by Gladding.^ 

To the solution of phosphoric acid add 25 cc. of stronja: ammonia (sp. gr. o.goo) 
and nitric acid (sp. gr. 1.42) to acidity. Place the beaker containing the solution 
in a water bath maintained at a constant temperature of 50 ’ C. Add an excess of 
about 10 cc. of the ordinary 10 per cent acid molybdate solution from a buret at 
the rate of about 3 drops per second, with constant stirring. Allow the beaker to 
remain for 10 minutes in the bath and then filter its contents through a weighed 
filter paper. Wash the precipitate with dilute nitric acid (i + 100) and finally with 
distilled water. Then drain the paper and contents for a few minutes on some waste 
filter or blotting paper and dry to a constant weight at a temperature of 105'' C. 
Careful analysis of the dried precipitate led to the formula — 

24Mo03.P205.3{NH4)20 + 24MoO..P, 0..2(NH4)=O.H.O + sH.O. 

Gladding afterwards^ recommended two final washings with alcohol to 
facilitate the drying, which was done in a glycerol bath at 105® C. 

A study of Gladding's method of weighing the yellow precipitate di- 
rectly was made by the Association of Official Agricultural Chemists in 
1896 and in 1897, but the results reported by the members of this asso- 
ciation did not show any advantages over other methods in use." 

Woy^ introduced the use of the Gooch crucible in the filtration of the 
yellow precipitate. He used as reagents (i) a 3 per cent solution of am- 
monium molybdate, prepared by dissolving 120 grams of ammonium molyb- 
date in water to make 4 liters and filtering; (2) an ammonium nitrate 
solution made by dissolving 340 grams of ammonium nitrate in water to i 

* /, Chem. Soc., IB, 23 (i8q6). 

® U. S. Dept. Agr. Div. Chem. Bull., 51 , 47 (1898). 

Ibtd, 57 , 68 (1899). 

^ Client. Ztg,, 21, 440, 469 (1897)- 
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liter; (3) nitric acid (sp. gr. 1.153) containing 25 per cent nitric acid; and 
(4) a wash liquor containing 5 per cent ammonium nitrate and i per cent 
nitric acid (200 grams of ammonium nitrate and 160 cc. of nitric acid 
diluted to 4 liters). F'or the determination of the water-soluble phosphoric 
acid in superphosphates the following procedure was used : 

Heat 25 cc. of the solution prepared from 20 grams of the superphosphate with 
10 cc. of nitric acid and 30 cc. of ammonium nitrate to boiling and precipitate with 
constant stirring by adding 100 cc. of the boiling 3 per cent molybdate solution in 
a thin stream from a dropping funnel into the middle of the solution. Wash the 
precipitate once by decantation with 50 cc. of the hot wash liquor, dissolve in lo 
cc. of 8 per cent ammonia and, after the addition of 20 cc. of ammonium nitrate, 
30 cc. of water and i cc. of molybdate solution, again bring to lx)iling and precipitate 
by adding 20 cc. of nitric acid. Filter the precipitate after 15 minutes through a 
porcelain Gooch crucible and wash with 50 cc. of hot wash liquor, then with alcohol 
and finally with ether. Place the Gooch crucible in a nickel crucible on the bottom 
of which rests a porcelain perforated plate. Heat the nickel crucible gently to drive 
off alcohol and ether and gradually rai.se its temperature by increasing the flame 
until its bottom is brought to a dark red heat. Maintain this heat for 15 minutes, 
then cool and weigh the precipitate. The precipitate contains 3.946 ixr cent PtO.%. 

In the determination of citrate-soluble phosphoric acid Woy treated 
50 cc. of the .solution prepared by the Wagner ])rocedure (p. iii) with 
30 cc. of nitric acid, 45 cc. of the ammonium nitrate solution and 100 cc. 
of a 6 jier cent molybdate solution. 

According to Neumann^ the method of Woy gave too low results in the 
determination of Thomas slag phosphoric acid because the solution of the 
yellow precipitate in ammonia was not clear, and on heating to boiling it 
became completely cloudy as the result of the precipitation of ferric phos- 
phate. Neumann found that Hanamann's method of precipitation in the 
cold with stirring gave excellent results, but he used a Gooch crucible in- 
stead of filter paper and washed with Woy’s wash liquor. The Gooch cru- 
cible was placed in a larger porcelain crucible, which was heated gradually 
until the precipitate was blue black. A 7.5 ])er cent molybdate solution, 
as used by Meinecke, was employed instead of the 3 per cent solution of 
Woy; 100 cc. for each o.i gram of P2O5 was used and stirring was con- 
tinued for only 15 minutes. The factor u.sed was 0.039466. 

Hanamann^ subsequently used the Wagner-Stutzer molybdate solution 
(150 grams of ammonium molybdate and 400 grams of ammonium nitrate 
diluted with 2 liters of water and poured into a liter of nitric acid (sp. 


‘Z. anal, Chem., 37, 303 (1898). 

* 2 . landw, Versuchsw,, 3, 53 (1900). 
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gr. 1.19) ) of which he added 100 cc. for each o.r gram of phosphoric acid 
(P2O5), heated to 40° C., stirred to minutes, filtered through a Gooch 
crucible, and washed with acid ammonium nitrate solution and alcohol. 
The factor used was 0.03946. 

The Lorenz^ method was adopted in 1908 after numerous tests- had been 
made to prove its reliability as an official method for the analysis of 
Thomas slag by the \'erband der landwirtschaftlichen Versuchsstationen.'* 
Details of this method, as adopted by the Verein Deutscher Diinger- 
Fabrikanten and modified only with respect to the use of acetone in 
place of alcohol and ether as wash fluids for the yellow preci])itate, may 
be found on pp. 201-4. In the original method^ the precipitate was 
washed first about 4 times with the 2 per cent ammonium nitrate solu- 
tion, and the crucible was then filled full once and about half- full twice 
with 90-95 per cent alcohol, the filter being sucked almost dry each time. 
This procedure was followed by similar treatment with ether. Alcohol 
and ether that left no residue on evaporation and gave no alkaline reac- 
tion were prescribed. In addition, the ether was not to contain acohol 
or too much water, 150 cc. dissolving i cc. of water completely without 
any turbidity. 

Graftiau,^ like I^ellet, used ammonium citrate to insure obtaining a yel- 
low precipitate of constant composition. The acid solution of the phos- 
phate was nearly neutralized with ammonia, the precij)itate formed was 
redissolved with a few drops of nitric acid, and 10 cc. of }^etermann\s am- 
monium citrate solution was added. The precipitation was then made as 
in the determination of citrate-soluble phosphoric acid, the solution be- 
ing heated to boiling. The precipitate was washed with 1 per cent nitric 
acid and dried 2 hours at 105^-110'^ C. 

Xeubauer and Liicker® found that when acetone was substituted for 
alcohol and ether in the Lorenz method for washing the yellow precipitate 
just as accurate results were obtained, and this modification had the ad- 
vantage of being more convenient and rapid since but one wash liquor was 
necessary and the acetone ran through the filter rapidly. An additional ad- 
vantage was the easy recovery of the acetone in contrast to the difficulty 
of recovering the alcohol and ether in pure states. Details of this method 


^ Landw. Virs.Sta., 55 , 183 (1901). 

^ Ibid,, 63 141 (1905); 66, 203 (1907); 68, 00 (1908). 

7 X, 223 (1908). 

* Ocsterr, Chem.-Ztg., 14 , i (iqii)* 

Atti, VI Congresso tnternaz. chim. applic., Rome, 1 , 64 (1906). 
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are given under the methods of the Verein Deutscher Dunger-Fabrikanten. 
{\h 201). 

Holybdate-Magnesium Methods. — The molybdate-magnesium methods 
for the gravimetric determination of phosphoric acid involve the suc- 
cessive steps of se[)arating the phosphoric acid from the solution contain- 
ing it by precipitating as ammonium phosphomolybdate, dissolving the 
yellow precipitate in aqueous ammonia and reprecipitating the phosphoric 
acid as magnesium ammonium phosphate. This procedure was first pro- 
posed by the German chemist, Sonnenschein,^ in 1851. For convenience 
the method will be considered under the two sections ( 1 ) precipitation of 
the ammonium phosphomolybdate and (2) ])recipitation of the magnesium 
ammonium phosphate. 

(i) Precipitation of the Ammonium Phosphomolybdate, — Sonnen- 
schein dissolved the pho.sj)hate in nitric acid, or added nitric acid to the 
solution containing the phosphoric acid, and then added an ammonium 
molybdate solution containing nitric acid until the quantity of molybdic 
acid used was 30 times that of the phosphoric acid to be precipitated. The 
molybdate vsolution was made by dissolving 1 part of molybdic acid in 8 
parts of aqua ammonia and then pouring this solution into 20 jiarts of 
nitric acid of specific gravity 1.2. The precipitate was digested for several 
hours at a gentle heat before it was filtered off. After filtration the pre- 
cipitate was washed with additional molybdate solution. 

The use of 60 times as much molybdic acid as phosphoric acid was 
recommended l)y Fresenius,^ and Caldwell*^ in addition advised that the 
])hosphoric acid in the solution should not exceed o.i gram. The molyb- 
date .solution, prepared as directed by Sonnenschein, was allowed to stand 
for several days in a warm place, and the clear liquid was decanted off 
for use. It contained 5 per cent molybdic acid. The precipitate was di- 
gested for 12 hours at a temperature of about 40*^ C. A portion of the 
clear supernatant liquid was tested by adding an ecjual volume of molyb- 
date solution and warming at 40^ C. for i hour. If more precipitate 
formed, additional molybdate solution was added to the beaker and the 
digestion was continued. The filtered precipitate was washed with a mix- 
ture of 100 parts of the molybdate solution, 20 parts of nitric acid (sp. 
gr. 1.2) and 80 parts of water until, in case lime was present, the washings 
gave no turbidity in strong alcohol to which sulfuric acid had been added. 


*/. prakt, Chem,, 53 , 339 (1851). 

* 2 . anal. Chem,, 6, 403 (1867). 
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Abesser, Jani and Marcker^ showed that a 4-6 hour digestion was suf- 
ficient to precipitate all the phosphoric acid. From 0.1 to 0.2 gram of 
phosphoric acid was recommended for precipitation, and the concentration 
of the phosphoric acid solution was such that this quantity was contained 
in 50-100 cc. The molybdate solution was prepared according to the di- 
rections of Fresenius- by dissolving 150 grams of ammonium molybdate 
in I liter of water and pouring into a liter of nitric acid (sp. gr. 1.2) ; 50 
parts of molybdic acid were used for i part of phosphoric acid. Since 
the commercial ammonium molybdate contained about 83 per cent molyb- 
dic acid about 100 cc. of the molybdic solution was necessary for each o.i 
gram of phosphoric acid. The precipitate was digested at 50° C. and then 
allowed to cool. After filtration the precipitate was washed with a mix- 
ture of I part of the molybdate solution and 3 parts of water. 

In the method of Chevron® citrate-soluble phosphoric acid was pre- 
cipitated from its solution directly as ammonium phosphomolybdate by 
the Sonnenschein method without previous destruction of the organic mat- 
ter. This procedure, however, was claimed by others to give incorrect 
results. 

Peitzsch, Rohn and Wagner'^ used the same procedure as Abesser, Jani 
and Marcher but brought the precipitate and solution to about 80^ C. 
while stirring at frequent intervals. After cooling for an hour the pre- 
cipitate was filtered off. 

Stiinkel, Wetzke and Wagner® freed the phosphoric acid solution from 
silicic acid and then added an ammonium nitrate solution before the addi- 
tion of the molybdate solution, of which 50 cc. instead of 100 cc. was used 
per O.I gram of phosphoric acid (P^Og) present. The ammonium nitrate 
solution contained 750 grams per liter, and it was added so that the final 
mixture contained 15 per cent of ammonium nitrate. The solution contain- 
ing the precipitated phosphate was heated to So^-go^C., allowed to stand 
for I hour, filtered, and the precipitate was washed with an ammonium 
nitrate solution containing 100 grams of ammonium nitrate per liter. 

The ammonium nitrate was used in the determination because it hastened 
precipitation and less nitric acid and molybdate were required. Richters^ 

' anal. Chem., 12 , 239 (1873). 

^Anleitung zur quantitativen chemischen Analyse, 6th eel. 

* Bull. acad. roy. Beige, 47 , 98 (1879). 
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h^id shown the advantage of using this salt, and Gilbert^ had advised the 
use of a molyl)date solution containing considerable ammonium nitrate. 

In the original official method of the Association of Official Agricultural 
Chemists the acid solution of the phosphate was neutralized with ammonia, 
15 grams of dry ammonium nitrate was added, and to the hot solution 50 
cc. of molybdate solution was added for each decigram of phosphoric 
acid (P2O5). After digestion for i hour at 65^ C. the precipitate was 
filtered off and washed with a dilute ammonium nitrate solution as already 
described. This procedure is practically the same as that used by the 
Association at the present time. 

Mohr^ precipitated citrate-soluble phosphoric acid by adding an equal 
volume of concentrated nitric acid to the solution and then digesting for 
I hour at 85® C. with an excess of molybdate solution. After cooling, 
the precipitate was filtered off and the procedure continued in the usual 
manner. The digestion of the strong nitric acid solution destroyed the 
organic matter more conveniently than did the Fresenius procedure of 
evaporation and ignition. 

Ross^ removed the citric acid from the citrate-soluble solution by dilut- 
ing the filtrate and washings from the ammonium citrate digestion at 65° 
C. to 200 cc., diluting 50 cc. of the resultant solution to 100 cc., adding a 
neutral 20 per cent calcium chloride solution in excess, heating nearly to 
boiling with stirring, filtering off the calcium citrate, and washing it with 
hot w^ater. Ammonium hydroxide in slight excess and 15 grams of am- 
monium nitrate were then added to the filtrate before precipitating with 
the molybdate solution. 

(2) Precipitation of the Magtfesium Ammonium Phosphate. — Sonnen- 
schein^ dissolved the yellow precipitate from the filter with aqua ammonia 
and then precipitated the phosphoric acid from the ammoniacal solution 
with a magnesium salt. No details are given in the abstract cited, and the 
original thesis is not available. 

Fresenius^ dissolved the precipitate in as little aqueous ammonia (sp. 
gr. 0.96) as possible, washed the filter thoroughly with a mixture of 3 
parts of water and i part of aqueous ammonia, added hydrochloric acid 
cautiously and dropwise to the solution until the yellow precipitate that 
formed dis.solved rather slowly, and then added the magnesia mixture. 

’ Corres. Ver. anal. Chem., No. i (1878). 

^Z. anal. Ckem., 23 , 487 (1884). 
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This was a solution containing i part of crystallized magnesium sulfate, 
I part of ammonium chloride, 8 parts of water and 4 parts of aqua am- 
monia, which after standing some time had been filtered if necessary. 
Ten cc. of this mixture was considered sufficient for a 0.5 gram sample 
of phosphorite containing 25-35 phosphoric acid (P2O5). Dilute 

ammonia, 3 parts of water to i part of aqua ammonia (sp. gr. 0.96), was 
then added until the volume was about no cc., and allowed to stand for 
12 hours. The precipitate was filtered oflf, washed with dilute ammonia 
until 5 drops of the wash liquor gave no opalescence with silver nitrate, 
dried, ignited, and weighed. A positive correction of 0.002 gram was 
made on the final weight of the magnesium pyro])hosphate since Fresenius, 
as a result of previous work,^ considered an equivalent weight of mag- 
nesium ammonium phosphate had been dissolved in the no cc. of filtrate. 

This correction was shown to be unnecessary by KubeF and Heintz® 
who recommended solution of the magnesium ammonium phosphate in 
acid and reprecipitation by the addition of ammonia since a magnesia mix- 
ture made from magnesium sulfate gave precipitates that contained an 
excess of magnesia. 

KisseP and Schumann*'' found that correct results were obtainable in a 
single precipitation with a magnesia mixture containing magnesium sulfate 
but only as a result of the compensation of two sources of error. The 
precipitate contained ba.sic magnesium sulfate as an impurity, but more of 
the precipitate dissolved in the presence of ammonium chloride than in a 
pure ammoniacal liquor and these counteracted each other. To obtain ac- 
curate results an excess of the magnesia mixture was to l)e avoided. 

Abesser, Jani and Marcker® avoided the difficulties involved in the use 
of the magnesium sulfate magnesia mixture by substituting magnesium 
chloride for the magnesium sulfate. The magnesia mixture that they pre- 
pared contained no grams of crystallized magnesium chloride, 140 grams 
of ammonium chloride, 700 grams of concentrated ammonia and 1300 
grams of water. The yellow precipitate was dissolved from the filter with 
warm dilute ammonia (1+3) because the precipitate dissolves more easily 
at higher temperatures and because as little ammonia as possible was de- 
sired in order to avoid a large excess of ammonium chloride after neu- 


^ /fnn., 56 , 109 (1845). 

*Z. anal. Chem., 8, 125 (1869). 
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tralization with hydrochloric acid in the manner prescribed by Fresenius. 
The solution was cooled after the addition of the hydrochloric acid since 
basic magnesium salts were precipitated from the warm solution upon 
the addition of the magnesia mixture. Ten cc. of magnesia mixture was 
added for each o.i gram of phosphoric acid to be precipitated. This 
furnished nearly twice as much magnesia as was necessary for precipita- 
tion of the phosphoric acid and the excess of magnesium salt was desired 
to decrease the solubility of the magnesium ammonium phosphate in the 
ammonia and ammonium chloride solution. After the addition of the 
magnesia mixture, dilute ammonia (i 4 - 3) was added until the volume 
was Too-iio cc. Standing for 3-4 hours was found sufficient for com- 
plete precipitation instead of 12 hours, as required in the directions of 
former authors. The precipitate was filtered off and washed as prescribed 
by Fresenius. No correction was applied to the weight of the magnesium 
pyrophosphate as this was found unnecessary. In igniting the magnesium 
ammonium phosphate the precipitate was first removed from the filter, 
which was ashed separately. 

The use of magnesium chloride for the precipitation of the magnesium 
ammonium phosphate was not original with these authors. Brassier^ 
had, in fact, recommended the use of a magnesium chloride magnesia mix- 
ture as early as 1866 but without any comment on its advantages over the 
magnesium sulfate magnesia mixture. Bunsen,^ Rose,*'* and Fresenius^ had 
also advised the use of magnesium chloride. 

A further improvement was suggested by Peitzsch, Rohn and Wagner® 
in 1880, when they recommended that the magnesia mixture be added 
dropwise with constant stirring rather than all at once. The filter was 
pierced, and the yellow precipitate was washed into a porcelain dish with 
2.5 per cent ammonia. The resulting solution was poured into a beaker, 
and 2.5 per cent ammonia was added to bring the volume approximately 
to 100 cc. The magnesia mixture was then added, 15 cc. per 0.1-0.15 gram 
phosphoric acid (P2O5), without any previous addition of hydrochloric 
acid. The solution and precipitate were allowed to stand, while covered, 
for 2 hours before filtering, and the precipitate was washed with 2.5 per 
cent ammonia. The filter paper was dried, separated from the precipitate, 
and ashed upon the cover of a platinum crucible, then placed in the crucible 


^ Ann. chim. phys., (4) 7 , 35s (1866). 
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with the precipitate, gently heated at first, then brought to and kept at an 
intense glow' in the flame of a Bunsen burner for 10 minutes, and finally 
ignited for 5 minutes over a blast lamp. 

Stunkel, Wetzke and Wagner^ modified this procedure only slightly by 
washing the yellow precipitate directly into the beaker and using 10 cc. of 
magnesia mixture for each o.i gram of phosphoric acid (PgOg). They 
also placed the filter in the crucible together with the magnesium ammo- 
nium phosphate precipitate, heated to char, and then continued as de- 
scribed by Peitzsch, Rohn and Wagner. 

In the original official method of the Association of Official Agricul- 
tural Chemists* the yellow precipitate was dissolved from the filter with 
ammonia, and the filter was washed with hot water to give a volume of 
solution and w^ashings not to exceed 100 cc. The ammonia w^as nearly neu- 
tralized with hydrochloric acid, the solution was allow^ed to cool and the 
magnesia mixture was added from a Imret (i drop per second) with vig- 
orous stirring. After 15 minutes, 30 cc. of ammonia (sp. gr. 0.96) was 
added, and after standing at least 2 hours the precipitate was filtered off 
aind treated as described by Stunkel, Wetzke and Wagner. 

In a comprehensive study of the subject Neubauer^ showed that the 
composition of the magnesium ammonium phosphate precipitate obtained 
in the analysis of phosphates varied with the conditions under which it 
was formed and that changes in the conditions of precipitation were no 
doubt a contributing cause of the variable results frequently reported by 
different analysts. It was showm that the composition of the precipitate 
depended on the reaction of the solution and also on the ratio of mag- 
nesium to phosphoric acid at the time the precipitate was being formed. 
If the precipitate is formed under such conditions that the magnesia is 
locally in excess of the phosphoric acid, as occurs when the magnesia mix- 
ture is added all at once to an alkaline solution, high results will be ob- 
tained owing to the precipitation of some trimagnesium phosphate. If, 
however, the magnesia mixture is added very slowly with stirring to an 
alkaline solution, the phosphoric acid will then be in excess and low re- 
sults will follow owing to the formation of some monomagnesium phos- 


^ Z, anal, Chem., 21 , 353 (1882). 
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phate and the subsequent loss of phosphoric acid on ignition as shown in 
the following equations: 

Mg(NH,),(PO,), = Mg(P 03 ), + 4NH, + 2 H, 0 ; 
2Mg(PO,), = Mg,P, 0 , + RO5. 

The procedure of Peitzsch, Rohn and Wagner, as adopted by the Asso- 
ciation of Official Agricultural Chemists, aims to avoid a local excess or 
deficiency of magnesium by recommending that the magnesia mixture be 
added dropwise and with stirring to a neutral or nearly neutral solution. 
Neubauer makes the claim, however, that best results are obtained when 
a slightly acid magnesia mixture is added to a solution of sufficient acidity 
to prevent precipitation, the phosphate then being precipitated by the slow 
addition of ammonia. A second precipitation is recommended. 

The same procedure is also recommended by Lund ell and Hoflfman,^ 
who confirmed the observations of Neubauer that the composition of the 
magnesium ammonium phosphate precipitate depends on the ratio of phos- 
phate to magnesia at the moment the precipitate is formed, and that once 
the precipitate is formed its composition does not change materially on long 
standing at room temperature. 

Attention was again called to this phase of phosphoric acid analysis in 
1923 by Larison,- who pointed out that lowest results were obtained when 
the solution was made alkaline before precipitation with the official alka- 
line magnesia mixture and highest when it was made acid, and, without 
giving any explanation for the variations observed, concluded that the 
highest results were the more nearly correct. McCandless and Burton^ 
also reported that the reaction of the solution had a bearing on the results 
obtained but claimed that the addition of the magnesia mixture to a neu 
tral solution gives best results. 

These observations received the immediate attention of the Associa- 
tion of Official Agricultural Chemists, and a collaborative study of the 
subject was promptly undertaken by W. H. Ross,** the Associate Referee 
on Phosphoric Acid. This study showed, in agreement with the work of 
others, that lowest results are obtained when the solutions are made alka- 
line prior to precipitation with magnesia mixture and highest when they 
are made acid, but the dififerences were not found to be great, and both 
neutral and acid solutions gave results that agreed very well with the theo- 


' J. Assoc. Official Agr, Chem., 8, 184 (1924). 

^Jbid., 7 , 394 ( 19 - 24 ). 

* Ind, Eng., Chem., 16 , 1267 (1924). 

*J. Assoc. OMcial Agr. Chcm., 6, 407 (1925); 9, 182 (1926); 16, 190 (1927). 
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retical. It was therefore concluded that although variations in the reaction 
of the solution may be a contributing source of error, it is not the prin- 
cipal cause of the wide variations in the results found by different analysts. 
Recommendations were consequently made that the official gravimetric 
method of the Association for the determination of phosphoric acid be re- 
tained unchanged as a routine method in the analysis of fertilizers but that 
the directions given for this determination be made more explicit by chang- 
ing the words “nearly neutralize with strong hydrochloric acid'' to read 
“neutralize with dilute hydrochloric acid, using bromthymol blue or litmus 
as indicator." 

It was further concluded from results obtained in this study that failure 
of the magnesium ammonium phosphate to burn white is usually due to 
improper calcination rather than to any preceding step in the determina- 
tion and that results obtained with residues that do not burn white are un- 
reliable. It was found that magnesium ammonium phosphate precipitates 
that have been properly prepared and washed will readily burn to snow 
whiteness throughout when ignited for i hour at looo^ C. in an electric 
furnace. The recommendation was accordingly made that the words, 
“burn first at a low heat and then ignite intensely until white or grayish 
white," as given in the official gravimetric method for phosphoric acid be 
changed to read, “burn first at a low heat and ignite to constant weight, 
preferably in an electric furnace, at 950-icxx)® C."^ 

A further possible source of error in the determination of phosphoric 
acid was attributed to the use of an alkaline magnesia mixture which 
quickly becomes contaminated through its action on the glass container. 
The recommendation was made that this condition be avoided by preparing 
neutral magnesia mixture and then adding ammonia only to that portion 
of the mixture required for immediate use. 

In the course of this study a comparison was also made of the official 
gravimetric method of the Association and of other modifications of the 
molybdate-magnesia method as developed by J</>rgensen^ and by Ltindell 
and Hoffman® of the U. S. Bureau of Standards in their umpire method. 
Good results were obtained with all three methods with a slight difference 
in favor of the Lundell and Hoffman umpire method. This method, how- 
ever, is longer than the official method of the Association, and the differ- 
ence in accuracy was considered to be too small to justify its adoption in 


*7. Assoc, Official Ayr. Chem., 12 , 176 (1Q29). 
* Analyst, 51 , 61 {1026). 

® 7 . Assoc. Official Ayr. Chem., 8. 184 (1924). 
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place of the latter for routine analysis, although it is admirably suited for 
umpire Work. 


V01.UMETRIC Methods 

The time required for a gravimetric determination of phosphoric acid 
has led analysts to try the speedier if less accurate processes depending 
on the use of volumetric methods. The chief difficulty with these methods 
has been the securing of combinations of constant composition and some 
sharp method of distinguishing the end points. In some cases, as in the 
uranium method, it has been necessary to remove a portion of the titrated 
solution and prepare it by subsidence or filtration for final testing. As is 
well known, this procedure for determining the end point is less accurate 
and more time-consuming than that depending on a change of color in the 
whole mass. The literature on the volumetric analysis of phosphates is 
extensive, and the methods proposed show a surprising range of labora- 
tory technic and use of reagents. 

These methods may be conveniently divided into two groups, according 
as they do or do not make use of ammonium molybdate as a precipitating 
agent. The methods in each of the.se groups may be further classified into 
a number of sub-groups as follows : 

(a) Methods not involving molybdate precipitation: (i) Acidinietric 
and alkalimetric, (2) uranium, (3) lead, (4) silver, (5) alum, and (6) 
iodometric. 

{b) Methods involving molybdate precipitation: (i) Direct titration 
with standard ammonium molybdate, (2) acidimetric and cilkalimetric, 
(3) reduction, and (4) centrifugal. 

The only methods of the first group that have been generally used are 
the uranium methods and those that involve titration with standard acid 
or alkali. Direct alkalimetric titration is the most rapid and accurate 
method for determining the concentration of high-grade phosphoric acid, 
and variations of this method are now generally used in the determination 
of free phosphoric acid in superphosphate. 

Direct titration with a standard uranium solution, which has been widely 
used in different countries, is one of the simplest and most rapid methods 
for the analysis of phosphates low in iron and aluminum. The application 
of this method to phosphates containing iron and aluminum with the use 
of ammoniacal magnesium citrate, as proposed by Joulie, has also been 
extensive, especially in France, Directions for the determination of phos- 
phoric acid by uranium titration are still given in such well-known publi- 
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cations as Sutton's “V'olumetric Analysis.” and Treadwell-HaU's “Ana- 
lytical Chemistry,” Vol. 2, but the use of this method in fertilizer labora- 
tories has been almost entirely replaced by the acidimetric and alkalimetric 
methods of the group that involves precipitation with ammonium molyb- 
date. 

Direct titration with standard ammonium molybdate is of interest only 
because it was the first of the volumetric methods that made use of am- 
monium molybdate. It was immediately replaced by other methods of the 
group. Reduction methods, in which the ammonium phosphomolybdate 
precipitate is reduced with zinc and titrated with potassium perman- 
ganate, were extensively used at one time, particularly in steel labora- 
tories, and the same is true of the Goetz centrifugal method. Directions 
for the zinc reduction method are still given in ix)pular texts on quantita- 
tive analysis, such as Blair's “The Chemical Analysis of Iron,” and Scott's 
“Standard Methods of Chemical Analysis.” This method, however, like 
the uranium method, has been replaced in fertilizer laboratories by the 
acidimetric and alkalimetric methods as first proposed independently by 
Pemberton, Thilo and Handy, and later modified by Kilgore and other 
members of the Association of Official Agricultural Chemists. This 
modified method has been adopted as the official volumetric method of the 
Association of Official Agricultural Chemists, and it is also the approved 
method for the volumetric analysis of phosphates in all English-speaking 
countries. The same method, with slight alteration, is also in use in the 
United States Bureau of Standards, as well as in other laboratories 
throughout the world. 

Volumetric Methods — (a) Not Involving Molybdate Precipitation 

Acidimetric and Alkalimetric Methods. — The methods of this group are 
based on the tribasic character of phosphoric acid, that is, its property of 
combining with the alkali and alkaline earth metals to form three series of 
salts, known as the mono-, di- and triphosphates. The monoalkali phos- 
phates are acid in reaction ; the dialkali phosphates are slightly alkaline ; 
and the trialkali phosphates are strongly alkaline. Monocalcium phos- 
phate is soluble in water, giving an acid reaction like the corresponding 
alkali phosphates, but the di- and tricalcium phosphates are insoluble. The 
hydrc^en-ion concentrations of dilute solutions of the principal alkali 
phosphates are given in Table XIII. 
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TABLE XIII. — pH Values of Dilute Solutions of the Alkali Phosphates. 

-——pH of Molution of different molar concentrations 

Compound oj 0.05 ooi 


NaHaPO^ 

4.5 

4-6 

4-9 


KH.PO, 

4.5 

4.6 

4.9 


NH^H^PCk 

44 

4.5 

4.6 


Ca(H2P04)* 



4.4 


NaaHPO^ 

8.7 

8.8 

8.9 


K.HPO 4 

8.7 

8.8 

8.9 


(NH4)sHP04 

7.8 

7.8 

7.8 


NaaPO* 

12.2 

12.0 

11.7 


KsPO* 

12.2 

12.0 

11.7 


.(NH4),P04 

9.0 

9.0 

8.9 


TABLE XIV. — Indicators Uskd in Voi.umetric Analysis. 


Chemical name 

Common name 


Color change 

pH range 

Thymol siilfonphthalein 

Thymol blue 


Red - yellow 

1.2- 2.8 

Tctrabromphenol sul f onphthalei n 

Bromphenol blue 

Yellow ~ blue 

3 0- 4.6 

Parabenzenc sulfonic acid azodi- 





methyl aniline 

Methyl orange 


Orange red - 





yellow 

3 - 1 - 4‘4 

Orthocarboxybcnzene azodimethyl 





aniline 

Methyl red 


Red - yellow 

4.4- 6.0 

(Mixture) 

Litmus 


Red - blue 

4.5 ~ 8.3 

(Mixture) 

Cochineal 


Yellow - lilac 

4.8- 6.2 

Alizarin sulfonic acid 

Alizarin red 


Yellow -pink 

5.0- 6.8 

.Dibromorthocresol sul f onphthalein 

Bromcresol purple 

Yellow - purple 

5.2- 6.8 

Dibromthymol siilfonphthalein 

Bromthymol blue 

Yellow - blue 

6.0- 7.6 

Phenol siilfonphthalein 

Phenol red 


Yellow - red 

6.8- 8.4 

(Mixture) 

Rosolic acid 


Yellow - red 

6.9- 8.0 


(Corallin) 




Orthocresol sul f onphthalein 

Cresol red 


Yellow - red 

7.2- 8.8 

Thymol sulfonphthalein 

Thymol blue 


Yellow - blue 

8.0- 9.6 

Orthocresol phthalein 

Cresolphthalein 


Colorless - red 

8.2- 9.8 

Dihydrox 3 rphthalophenone 

Phenolphthalein 


Colorless - red 

8.3 - 10.0 


Table XIII shows that the range of the hydrogen-ion concentration of 
dilute solutions of the alkali phosphates between o.i and o.oi M is within 
the range covered by the common indicators listed in Table XIV. In this 
respect, phosphoric acid differs from the mineral acids, hydrochloric, nitric, 
and sulfuric, which form but one salt within the pH range of the common 
indicators. Thus the titration curve of sulfuric acid, as determined eltc- 
trometrically by Davis, Oak and Salisbury^ {Fig- 6) shows but one in- 
flection l)etween pH 3 and pH 9,5. The curve also shows that when the 
acid is titrated with 2 molecular equivalents of alkali solution, a very slight 
excess of alkali will change the hydrogen-ion concentration of the solution 
from pH 5 to pH 8, or over almost the entire range between methyl orange 
and phenolphthalein. 

^ Ind , Eng , CiUm ^ 15, i8a (19*!*'' 
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Fig. 6. — Titration of 29.8 cc. o . i M HjSO^, Made up to 200 cc. with Conductivity 
Water, and Titrated with 0.2 Af NaOH by means of Hydrogen 
Electrode at 25° C. 


The titration curve of phosphoric acid, on the other hand, as illustrated 
in Fig. 7, shows two inflections, one corresponding to the point at which 
the mono-salt is formed, and the other to the point at which the di-salt 
is formed. The first inflection point is within the pH range of methyl 
orange, while the second is entirely beyond the methyl orange range, but 
within the pH range of phenolphthalein. 
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Fig. 7. — Titration of 40 cc. 0.0711 M H,PO^, Made up to 200 cc. with Conductivity 
Water, and Titrated with 0.2 M NaOH^ by Means of Hydrogen 
Electrode at 25® C. 


The polybasic character of phosphoric acid thus affords a direct means 
of determining (i) free phosphoric acid or mixtures of alkali phosphates 
with or without free phosphoric acid; (2) water-soluble phosphates in 
superphosphates; and (3) free acid in superphosphates. 

( I ) Free Phosphoric Acid <md Alkali Phosphates , — Solutions of alkali 
phosphates or of alkali phosphates with free phosphoric acid may be con- 
veniently divided into two groups according as they are acid or alkaline to 
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phenolphthalein. The acid materials may contain any two of the three 
compounds — phosphoric acid, monoalkali phosphate and dialkali phos- 
phate — while the triphosphates and other alkaline salts must be absent. 
Alkaline mixtures, on the other hand, consist of the di- and trialkali phos- 
phates, with or without other alkaline compounds, such as the hydroxide 
or carbonate, of the alkalies. Metaphosphate may also be present. 

In the procedure recommended by Smith’ for the analysis of materials 
of this kind, the solution of the sample is titrated first with A cc. of normal 
alkali or ac’d to end reaction with phenolphthalein, according as the solu- 
tion is initially acid or alkaline, and then with B cc. of normal acid to an end 
reaction with methyl orange. The solution is then further treated with an 
excess of B cc. of the standard acid, boiled for 30 minutes to convert meta- 
phosphates or metaphosphoric acid into the ortho form, titrated back with 
B' cc. of normal alkali to an end reaction with methyl orange, and finally 
with C cc. more of the normal alkali to an end point as indicated with phe- 
nolphthalein. If the analysis has been pro|>erly made, the value of 
should be the same as B, 

In the titration of acid materials, where A is greater than B, then 
A — B = H3PO4 ;2B — A =z NaH^PO^ ; and C — B = NaPO, (gen* 
erally nil). 

If = B, then each should be equal to the NaH2P04 present, and if 
A = 2B, only H3PO4 is present. 

li A were greater than 2B, then A — 2B would be a measure of the 
metaphosphoric acid or other acid present. 

When A is less than B, A = NaH2P04; B — /I = Na2HP04; and 
B — C = NaPOg (usually nil). 

With alkaline salts, when no carbonate is present, and A is less than B, 
then A = Na3P04 and B — A := Na2HP04. 

When C is less than B, that is, where carbonate is present, and A is less 
than B, then A + C — B =z Na^FO,; B — A Na2HP04; and 
B — C = Na 2 C 03 . 

When no carbonate is present, and A is greater than B, then B = 
Na3P04 and ^4 (^ — B) = NaOH. 

When carbonate is present and A is greater than B, then B — C ^ 
Na^COa ; C = Na3P04 ; and (^ — B) = NaOH. 

In the determination of free phosphoric acid, i cc. of normal NaOH is 
equivalent to 0.098 gram of H3PO4 when titration is made with methyl 

Soc \ Chem . Jnd *, 4*5 
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orange; or to one-half this quantity if made with phenolphthalein. The 
reactions that take place in these two titrations are as follows : 

H3PO4 + NaOH = NaH^PO^ + H^O; 

H3PO4 + 2NaOH = Na^HPO, + 2HX) 

The titration with phenolphthalein is preferable in this determination be- 
cause the hydrogen-ion concentration of the monoalkali phosphates is too 
near the alkaline end of the pH range of methyl orange for accurate read- 
ing, Dilute solutions of the dialkali phosphates give a decided pink color 
with phenolphthalein, and when making a titration with this indicator the 
addition of alkali must be continued beyond the point at which a color first 
appears. The end point can be most conveniently and accurately deter- 
mined by matching the color with that of a solution containing approxi- 
mately the same concentration of indicator and of phosphate in the form 
of disodium phosphate. This procedure affords the most accurate and 
rapid method for determining the concentration of solutions of free phos- 
phoric acid. 

(2) Water-soluble Phosphates in Superphosphates , — The water-solu- 
ble phosphates have the property of resisting change in reaction with the 
addition of acid or alkali, that is, they exert what is called a buffer effect. 
The end point in the titration of phosphate solutions is therefore not so 
sharp as in the case of solutions containing other mineral salts. It has 
also been observed that the inflection in the titration curve of monocalcium 
phosphate is less sharp and the end point therefore more difficult to dis- 
cover than for the monoalkali phosphates. This condition, coupled with 
the precipitation of dicalcium phosphate when the alkali is added, makes 
the ordinary indicator titration of monocalcium phosphate of little value. 

Many methods have been proposed for overcoming these difficulties, par- 
ticularly in the determination of total soluble phosphates is superphos- 
phate, by precipitating the phosphate with a neutral salt and titrating the 
equivalent quantity of mineral acid set free in the reaction. 

One of the first of these methods, that proposed by Stolba,^ consists in 
making the solution of the sample alkaline with ammonia, adding magnesia 
mixture, filtering, washing first with dilute ammonia and then with alcohol 
to remove the ammonia, dissolving in a measured excess of o.i N acid and 
titrating back with 0,1 N alkali, using carmine tincture as indicator, i cc. 
of O.I acid is equivalent to 0.00355 gram of phosphoric acid (P2O5) as 
indicated by the following equation : 

NH.MgPO, + 2HCI = NH^H.PO, + MgCl^. 

*2. Chcm., la, joo (1877)* 
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Glucksmann^ shortened this method b}' treating the solution of the sample 
in a graduated flask with an excess of normal ammonia solution, adding 
sufficient neutral magnesium sulfate to precipitate the phosphate, filling 
to the mark, filtering, and titrating the residual ammonia in an aliquot part 
of the filtrate. Stolba’s method was further modified by Johnson and 
Jenkins,-^ who treated the solution of the sample with a nearly saturated 
solution of ammonium tartrate before the addition of the magnesium mix- 
ture. The ammonium tartrate was added until the solution remained clear 
when slightly alkaline. This modification of the method made it applica- 
ble to the analysis of phosphates containing iron and aluminum. The 
magnesia mixture used in these determinations contained 70 grams of 
magnesium sulfate and 195 grams of ammonium chloride per liter. 

In Maly’s-* method the solution of phosphoric acid or alkali phosphate is 
placed in a flask, and a known volume of normal alkali is added in excess, 
A drop or two of corallin is added, and the phosphate in solution is pre- 
cipitated by the addition of neutral barium chloride. The mixture is heated 
nearly to boiling, and the hot solution is titrated for excess acid with nor- 
mal sodium hydroxide. 

The method described by Clemm-Lennig^ is one of the oldest of the 
early methods for determining water-soluble phosphates in superphos- 
phate. The aqueous solution of the superphosphate is treated with an ex- 
cess of neutral calcium chloride, and the resulting solution is then titrated 
hot with standard sodium hydroxide, litmus being used as indicator. 

Mollenda*'’ recommended precipitation of the calcium of the superphos- 
phate instead of the acid radical by adding sodium carbonate until any 
further addition would produce a cloudiness and then sodium oxalate in 
slight excess. The filtrate was titrated with 0.2 .V sodium hydroxide, 
phenolphthalein being used as indicator. Neither of these methods is ap- 
plicable to the analysis of superphosphate in the presence of free acid. 

In the method proposed by Emmerling® use is made of a calcium chloride 
solution containing 200 grams per liter and a standard sodium hydroxide 
having a concentration equivalent to 5 grams of P2O5 per liter. In carry- 
ing out the method 200 cc. of the solution to be analyzed, containing 20 
grams of superphosphate per liter, is mixed with 50 cc. of the calcium 
chloride solution, A measured volume of the standard alkali solution is 

34 , 33 (1895). 

^ Ann. Rpl. Conn. Agr. Kxpt. Sta., 1878, p, 117. 

“Z. anal. Ckem., 16 , 417 (1876). 

*Ibid., 6, 433 (1866). 

9 Z 6 t<f., aa, 155 (1883). 

^ Landw. Vers.-Sta., 33 , 429 (x68€). 
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transferred to a beaker, phenolphthalein and water are added, and the 
solution is titrated with the mixed solution of superphosphate and calcium 
chloride until the pink color has entirely disappeared. A second portion of 
the mixed solution of superphosphate and calcium chloride, equal in vol* 
ume to that required in the titration, is diluted with water and then titrated 
with standard alkali, methyl orange being used as indicator. The volume 
of the standard alkali consumed in the titration with methyl orange is de- 
ducted from that obtained by titrating with phenolphthalein to give the 
sodium hydroxide equivalent to the total soluble phosphates in solution. 
The reaction involved in the titration from methyl orange to phenol- 
phthalein is represented by the equation — 

Ca(H,PO,)^ -f CaCl^ + 2NaOH := 2CaHPO, + 2NaCl + 2 H ,0 
If A is the volume of standard soda solution used in the first titration, C 
the volume required in the second titration, B the volume of the mixed 
solution of superphosphate and calcium chloride used in the first titration, 
and T the weight of P2O5 equivalent to i cc. of the standard alkali, then 
X, the percentage of water-soluble P2O-, in the superphosphate, is given 
by the equation — 


X = 


(A — C)T 


100 X 1000 X ^50 
20 X 200 AB 


This method is applicable to the determination of water-soluble phos- 
phoric acid in superphosphates containing alkali phosphates, but not to 
water-soluble phosphates containing free phosphoric acid. 

In the method described by Kalmann and Meisels^ 20 grams of super- 
phosphate is dissolved in i liter of water in the usual way, and 100 cc, of 
the clear solution is then titrated with standard 0.5 N sodium hydroxide to 
end points as first indicated by methyl orange and then by phenolphthalein. 
The reaction taking place in the titration from methyl orange to phenol- 
phthalein is as follows : 

3Ca(H2P04), + 8NaOH = Ca3(P04)2 + 4Na2HP04 + 8HA 
A second 100 cc. portion of the clear solution is next transferred to a 250 
cc. flask, and an excess of 0.5 AT sodium hydroxide is added. The flask 
is filled to the mark and shaken, and the solution is filtered. An aliquot 
of ICO cc. of the filtrate is then titrated back with 0.5 ti hydrochloric acid 
to an end reaction as indicated first by phenolphthalein and then by methyl 
orange. The number of cubic centimeters of 0.5 N hydrochloric acid re- 
quired in the titration from phenolphthalein to methyl orange multiplied by 

’ ongm* Chem,» lt94, 40 $. 
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zYz gives the volume ( 5 ) of 0.5 AT acid required per 100 cc. of the super- 
phosphate solution. If A represents the volume of 0.5 AT sodium hydrox- 
ide used in the original titration from methyl orange to phenolphthalein, 
then the arithmetical mean of A and B multiplied by 0.0355 gives the 
weight of P2O5 in 100 cc. of the superphosphate solution. This method is 
applicable to the determination of total water-soluble phosphate in super- 
phosphates containing both alkali phosphates and free phosphoric acid. 

Glaser^ modified the volumetric method of Kalmann and Meisels so as 
to avoid the double titration required by the original method. In the modi- 
fied method the total phosphoric acid is estimated in one operation by pre- 
cipitating as the tricalcium salt, which is secured by adding at the proper 
time an excess of calcium chloride. The water-soluble solution of the 
superphosphate to be analyzed is prepared according to the official method 
of the Association of Official Agricultural Chemists by washing 2 grams 
of the sample on a filter with successive small portions of water until the 
filtrate measures 250 cc. A 50 cc. aliquot of the sample is titrated with 
o.i N sodium hydroxide to end reaction with methyl orange, a neutral 
solution of calcium chloride is added in excess, and the titration is con- 
tinued to alkaline reaction with phenolphthalein. If iron and aluminum 
are present, a slight development of an acid reaction is produced, of which 
no account may be taken. Each cubic centimeter of the OA N sodium hy- 
droxide solution corresponds in the first titration to 7.1 mg. of P2O5 and 
in the second to 3.55 mg. 

(3) Free Acid in Superphosphate , — The free acids that are likely to 
be present in superphosphate are phosphoric, sulfuric, hydrofluosilicic, and 
hydrofluoric, and in the ordinary course of manufacture their presence in 
the finished product will decrease in the order named. For many years 
these free acids were determined collectively in terms of sulfuric or phos- 
phoric acid by simply titrating an aqueous solution of the superphosphate 
with standard sodium hydroxide to an end reaction with methyl orange. 

In the titration method of the Verein Deutscher Diinger-Fabrikanten 
(see p. 205) 50 cc. of the solution prepared by agitating 20 grams of 
superphosphate in i liter of water is diluted with water to 300 cc. and 
titrated with 0.5 N sodium hydroxide, methyl orange being used as in- 
dicator. In this titration methyl orange is not considered entirely satisfac- 
tory, however, because the hydrogen-ion concentration of the monisodium 
phosphate formed in the reaction is too near the alkaline end of the pH 


* Chem, Ztg„ 18 , (1B94). 
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range of methyl orange for most accurate reading. According to Oster- 
setzer^ sodium alizarin sulfonate is a more satisfactory indicator for use in 
this titration. In the method that he recommends lo grams of the super- 
phosphate is dissolved in 400 cc. of water in a 500 cc. flask and shaken for 
the usual time ; 4 cc. of a 5 per cent solution of sodium alizarin sulfonate is 
added, and the flask is filled to the mark. A 50 cc. aliquot of this solu- 
tion is titrated with 0.5 N sodium hydroxide to the transition between 
yellow and brown and compared with an equal volume of the original solu- 
tion to better distinguish the change of color. 

In the method described by Gerhardt^ calcium carbonate is used in place 
of sodium hydroxide as a neutralizing agent for the free acid. The re- 
action that takes place may be represented as follows : 

2H3PO4 + CaC03 = Ca(H2P04)2 + CO^ + H^O. 

In carrying out the method, 20 grams of the sample is shaken with 
water for 30 minutes in a liter flask; i gram of potassium ferrocyanide is 
added to precipitate the iron and aluminum and the flask is filled to the 
mark. To a 100 cc. aliquot of the filtrate is added an excess of a known 
weight of calcium carbonate, the mixture is stirred for 30 minutes, the un- 
decomposed carbonate is filtered off and dissolved in an excess of stand- 
ard acid, and the excess of acid is titrated back with standard alkali, 
methyl orange being used as indicator. Zockler® reported that the error 
in this method due to iron and aluminum may amount to as much as 2 per 
cent and that it is not constant. This error, coupled with the time taken 
to make the determination, has prevented the general adoption of Ger- 
hardt’s method. 

The methods most generally used at present for the determination of 
free acid in superphosphate are based on the principle of separating the 
free mineral acid from the other water-soluble constituents of the super- 
phosphate by digesting with one or other of such reagents as ether, alcohol 
and acetone, distilling off the solvent, and determining the free acid in 
the residue by titration with standard alkali. This procedure not only gives 
a sharper end point than that shown in the direct titration method, but it 
also affords a means of determining the free phosphoric acid independ- 
ently of the other acids present, by first titrating with an indicator having 
a pH range similar to methyl orange and then to end reaction with phenol- 
phthalein. The first titration gives the sodium hydroxide equivalent of all 


^ Ckem , Ntwtf 91 , 215 (1905). 

Ztg *, 99 , 178 (1905) 

* Ibid ., 99 , 226, 338. 
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the free acids and the second that of the free phosphoric acid alone. The 
difference in the two readings gives the sodium hydroxide equivalent of 
all the free acids with the exception of phosphoric acid. 

In the method proposed by Herzfelder^ i gram of the finely ground 
sample is extracted in a Soxhlet for lo hours with dry ether. The sol- 
vent is distilled off, the residue is treated three times with 20 cc. of water, 
and the liquid is passed through a filter. The paper is then washed with 
water just tinted with methyl orange as long as any reddening is notice- 
able. The filtrate is titrated with normal alkali, and the number of cubic 
centimeters used is multiplied by 7.1 to give the percentage of free phos^ 
phoric acid in the material. Should the quantity of alkali consumed be 
less than 0.5 cc., the whole operation should be repeated on a larger quan- 
tity of the sample. Guthrie and Ramsay* expressed the opinion that Herz- 
felder’s method gives much more accurate results than that proposed by 
Gerhardt, but they recommended the use of sodium alizarin sulfonate as an 
indicator in place of methyl orange. 

In the second alternative method adopted by the Verein Deutscher 
Dunger-Fabrikanten (see p. 205) use is made of alcohol as a solvent 
for the free acid of superphosphate. 

According to Shuey* acetone is equally as good if not a better solvent 
than alcohol for free acid in superphosphate and has the advantage that it 
can be easily procured in a neutral condition. It does not change appre- 
ciably in composition and therefore does not have to be neutralized be- 
fore use. The acetone used for this purpose should be transparent in color, 
neutral in reaction, and have a specific gravity of 0.788-0.790 at 25° C. 
Shuey's method is as follows : 

Weigh 2 grams of the material (superphosphate, acidulated base or mixed 
fertilizer) into a dry 100 cc. volumetric flask, fill to the mark with acetone, stopper 
tightly, and shake every I2 minutes for 2 hours. Filter, dilute 50 cc. of the clear 
solution to about 250 cc. with cold, boiled distilled water and titrate with carbonate- 
free 0.1 N sodium hydroxide, using methyl red as the first indicator. AVhen a neutral 
point is reached, note the number of cubic centimeters used, add phenolphthalein, 
and continue the titration to the neutral point indicated by phenolphthalein. 

The total titration from zero to the end point indicated by phenolphthalein 
represents the total free acid, while the difference between the total titration and 
that indicated by methyl red is equivalent to the phosphoric add alone. The per- 
centage of phosphoric add, expressed as HtPO^, is found by multiplying the volume 
of alkali required in this titration by the factor 0.9806. The difference between the 


* Analyst, 9$, 37^ (ipoj). 
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total number of cubic centimeters used and the number required for the phosphoric 
acid represents the other free acids. This difference in the two titrations multi- 
plied by the factor 0.4904 gives the percentage of these acids, expressed as HaSOi, 

ITraninm Methods. — The uranium method as first proposed by LeConte 
in 1853^ and later developed by Sutton,* Neubauer* and Pincus* is the 
oldest of the volumetric methods that have been in general use for the 
analysis of phosphates. The method is based on the fact that when uran- 
ium acetate or nitrate is added to a neutral solution of a phosphate the 
whole of the phosphoric acid is thrown down as a yellow uranyl phosphate. 

U02(N03)2 + Na^HPO, = UO3HPO4 + 2NaNOs. 

If the solution contains free mineral acid, it must be neutralized with an 
alkali hydroxide, and an alkali acetate together with excess of free acetic 
acid should be added. If ammonium acetate is used, the phosphoric acid 
is precipitated as uranyl ammonium phosphate. 

UO,(NO,), + Na^HPO^ + NHAH3O3 = 

UO3NH4PO4 + 2NaN03 + HC3H3O3. 

When fixed alkali acetates are used, instead of the ammonium salt, the 
precipitate consists simply of uranyl phosphate. 

In the method proposed by LeConte the sample is fused with sodium 
carbonate and leached with water to dissolve out sodium phosphate; the 
filtrate is neutralized with nitric acid and made up to volume. An aliquot 
of the solution so prepared is then slowly added from a buret to 50 cc. of 
a standard uranium solution, until a small drop of the clear liquid applied 
with a glass rod to a porcelain plate previously moistened with a solution 
of potassium ferrocyanide no longer develops a reddish brown color. The 
standard uranium solution is prepared by dissolving 4.416 grams of uran- 
ium nitrate in a liter of water. The 50 cc. aliquot of the uranium solution 
is made alkaline before titrating with a few drops of potassium hydroxide 
solution, and dilute acetic acid is then added drop by drop to redissolve 
the oxide and render the solution neutral. 

The procedure outlined by LeConte is not applicable to the analysis of 
phosphates containing any considerable quantity of iron and aluminum be- 
cause analysis of such materials must be preceded by a preliminary sepa- 
ration of the phosphoric acid from associated impurities by precipitation 

^Pharm, /. IM, 8o (1853). 
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with aiximoniacal magnesium citrate solution, ammonium molybdate, or 
other reagent. It has been found in practice that when the uranium is 
used the magnesium citrate separation is the most convenient. This modi- 
fication of the original uranium method is known as the Joulie method.’ 
Its use in France at one time was almost universal. 

The details of the method are as follows : 

REAGENTS 

Acid sodium acetate solution. — Dissolve 100 grams of sodium acetate in water, 
add 50 cc. of glacial acetic acid, and make up to i liter. 

Citro-magnesium solution. — Add 27 grams of pure magnesium carbonate by de- 
grees to a solution of 270 grams of citric acid in 350 cc. of warm water, cool, add 
400 cc. of a 10 per cent ammonia solution or sufficient to insure a decided excess of 
ammonia, dilute to i liter, and preserve in a well-stoppered bottle. 

Standard ntonoammonium phosphate. — Dissolve 8.10 grams of the pure dry salt 
in I liter. (See p. 183). i cc. of this solution contains 0.005 gram of PaO*. 

Potassium ferrocyanide solution. — Dissolve 10 grams of the pure crystals in 
100 cc. of water. 

Standard uranium nitrate solution. — Dissolve about 40 grams of the pure crys- 
tals in 800 cc. of water, add a few drops of ammonia to produce a slight turbidity, 
then acetic acid until clear, and dilute to i liter. Standardize this solution as 
follows : 

Transfer 10 cc. of the standard ammonium phosphate solution to a beaker, add 
5 cc. of the sodium acetate solution, make up with water to about 75 cc., and heat 
to boiling. Titrate the solution with the uranium solution until a drop of the liquid 
deposited on a white plate no longer assumes a brownish- red color when a glass 
rod moistened with the potassium ferrocyanide solution is brought in contact with 
it. The removal of several drops involves some error in the titration, and when 
this is done repeat the titration by adding merely the required volume of the 
uranium solution, as shown by the preceding litre. Before any portion of it is with- 
drawn for testing, verify the end point by adding three or four drops of the uranium 
solution in excess and test again, when a strongly marked color should be produced. 
Run a blank titration with 5 cc. of the scxiium acetate. Dilute to 75 cc. with boiling 
water and apply the proper correction. The strength of the standard uranium solu- 
tion should be verified at intervals in common with other standard solutions for use 
in volumetric work. 

DETERMINATION 

If organic matter is present incinerate the sample before analysis, because it 
interferes with the use of uranium as a reagent. Dissolve i-io grams of the 
ignited residue, or of the original sample in the absence of organic matter, in hy- 
drochloric acid, or if pyrite is present, in hydrochloric and a little nitric acid. Boil 
the sample with the acid in a volumetric flask until the residue is perfectly white. 
Cool, and make up to volume. (The removal of silica by evaporation to dryness is 
necessary only in those cases where the sample contains silicate decomposable by 

*Mcn. set., a (3)» 53»*47 (187^); Ann. Agrm., 11, 97-i2g (iSss). 
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hydrochloric acid with separation of gelatinous silica.) Filter, or allow to settle, 
withdraw an aliquot corresponding to 50 mg. of PiO», and add 10 cc. of the citro- 
magnesium solution and a large excess of ammonia. If a precipitate forms im> 
mediately, it is iron or aluminum phosphate. In this case, discard the first aliquot 
and withdraw a second. Add 20 cc. of the citro-magnesium solution, allow to stand 
2*12 hours, filter, and wash by decantation and on the filter with dilute ammonia until 
the filtrate gives no precipitate with a disodium phosphate solution. Dissolve the pre* 
cipitate in the beaker and on the filter with dilute nitric acid and wash with dilute 
nitric acid into a 150 cc. beaker. Add dilute ammonia until a slight turbidity is 
produced, clarify with i or 2 drops of dilute nitric acid, heat to boiling, add 5 cc. 
of sodium acetate solution, and titrate with the standard uranium solution as de^- 
scribed in the standardi2;ation of that solution. 

The solution of the sample in nitric acid changes any arsenic present 
to arsenic acid, which reacts in the uranium method of analysis in the same 
way as phosphoric acid and therefore gives high results if any consider- 
able amount is present. This cause of error may be avoided by passing 
sulfur dioxide through the solution, bringing it to the boiling point to drive 
off excess of sulfur dioxide, and afterwards precipitating the arsenic with 
hydrogen sulfide. After filtration, the rest of the operation can be carried 
on as already described. 

The acetic acid solution of a calcium phosphate may deposit dicalcium 
phosphate on Ixiiling. Fresenius, Neubauer and Luck' claimed that this 
precipitate is a possible source of error in the uranium method and recom 
mended that the titration be made in the reverse order by adding the phos- 
phoric acid to a boiling standard uranium solution. Schumann,*^ Abesser, 
Jani and Marcher,* Briigelmann,^ and Pavec* do not favor this procedure 
and quote experimental evidence to show that possible danger of loss of 
calcium phosphate may be avoided in the direct titration by adding the 
greater part of the standard uranium before heating the solution to boiling. 

Abesser, Jani and Marcher also recommend the use of calcium phos- 
phate of known PgOg content, as determined gravimetrically by the molyb- 
date-magnesium method, rather than an alkali phosphate for standardizing 
the uranium solution. 

Mohr* proposed adding the potassium ferrocyanide indicator to the solu- 
tion in excess of that required to precipitate the iron present and then 
titrating with the standard uranium solution. This procedure, however, 

^ Z. anal, Chem^ 10 , 147 (1871), 
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is claimed by Reis' to be uiisSatisfactory, owing to the difficulty of deter- 
mining the end point of the titration in the presence of Prussian blue. 

In 1889 Versammlung der Chemiker an Deutschen Diinger Fabri- 
ken und der Handelschemiker* concluded that the volumetric determina- 
tion of phosphoric acid by the uranium method as commonly used was no 
longer reliable and up-to-date. Its use was permitted until a later date by 
the Verein Deutscher Diinger Fabrikanten for the analysis of superphos- 
phates low in iron and aluminum, but the method has now been almost en- 
tirely replaced by other methods. 

Satisfactory results are claimed by Spencer® in a modification of Joulie’s 
uranium method, in which the citro-magnesium solution is replaced by 
silver carbonate in the separation of the phosphoric acid. In the oper- 
ation of this method the fertilizer is first ignited until all organic matter 
and residual carbons are destroyed. The residue is then dissolved in nitric 
acid and made up to volume. To an aliquot of the slightly acid solution 
containing about o.i gram of P-jOr, is added sufficient silver carbonate to 
saturate the free acid present and precipitate all the phosphoric acid as 
silver phosphate, AggP04. The precipitate with excess of silver carbonate 
is washed with hot water and dissolved in dilute nitric acid, the excess of 
silver is precipitated with sodium chloride, and the phosphoric acid in the 
filtrate is determined by means of a standard solution of uranium nitrate, 
as described in the Joulie method. The author claims that the separation 
of the phosphoric acid by the silver method is more exact than by the 
Joulie citro-magnesium process, but it has never been generally adopted 
for the analysis of fertilizers in this country. 

Lead Methods. — The principle of the lead methods depends upon the 
fact that in aqueous and acetic solutions a lead phosphate of constant 
composition is precipitated on addition of a soluble lead salt. In the 
method originally proposed by Schwartz* and Mohr® the phosphoric acid 
is precipitated by adding an excess of standard lead nitrate solution and 
then titrating the excess of lead with standard potassium chromate, silver 
nitrate being used as indicator. When making the titration the solution 
must be only weakly acid, and the excess of lead must not be too great. 

In the method as described by Wavelet* the phosphoric acid is precipi- 
tated by magnesium citrate solution as in the Joulie uranium method, and 

angew, Chem., 1 S 88 , 354. 
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the washing of the precipitate and its solution in nitric acid is also con- 
ducted as in that method. The phosphoric acid is then titrated with stand- 
ard lead nitrate directly, potassium iodide being used as indicator. The 
reagents required in the process are as follows : 

(i) A 5 per cent sodium nitrate solution; (2) standard lead nitrate 
solution; and (3) 5 per cent potassium iodide solution. In the analysis 
of raw phosphates, 5 grams of material is dissolved in dilute nitric acid, 
and the solution is made up to 250 cc. An aliquot of 50 cc. is withdrawn 
and made alkaline with ammonia, and 10 cc. of the citro-magnesium solu- 
tion is added to precipitate magnesium ammonium phosphate. The pre- 
cipitate is filtered, washed with dilute ammonia, and dissolved in dilute 
nitric acid. The resulting solution is made slightly alkaline with am- 
monia, acidified with dilute acetic acid, and made up to 200 cc. To a 50 
cc. aliquot of this solution is added 5 cc. of sodium acetate, and the solu- 
tion is titrated at room temperature with the standard lead nitrate solu- 
tion, potassium iodide being used as indicator. The end reaction is de- 
termined by placing’ a drop of the titrated mixture on a white plate in con- 
tact with a drop of potassium iodide solution. When all the phosphoric 
acid is precipitated, the least excess of lead salt is revealed by the charac- 
teristic yellow precipitate of lead iodide. 

The author of the process claims that the lead phosphate is insoluble in 
the excess of acetic acid and that the phosphate itself does not give any 
yellow coloration with potassium iodide. The process is considered to be 
quite as exact as the uranium method, and the end reaction is sharper. 
In common with the uranium method, it has now been replaced by other 
methods in the analysis of fertilizer materials. 

Silver Methods* — In the silver nitrate method proposed by Perrot^ an 
excess of o.i silver nitrate solution is added to an acetic acid solution 
of the phosphate to be analyzed, and the excess of silver is determined by 
the Volhard thiocyanate titration. This method was investigated by 
Spencer,* who found the process unreliable. Fairly satisfactory results 
were obtained, however, by a modification of the process. The principle 
of this method depends on the separation of the phosphoric acid by silver 
carbonate and subsequent titration with standard uranium solution, after 
the removal of the excess of silver, Spencer’s method may thus be con- 
sidered a modification of Joulie’s uranium method, in which the citro- 
magnesium solution is replaced by silver carbonate in the separation of the 
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phosphoric acid. The details of this method are therefore described under 
the heading of ‘'Uranium Methods.*' (See p. 166). 

In the modification of Perrot's method as proposed by Clark^ the phos- 
phate is dissolved in water, nitric acid or sulfuric acid ; the greater pro- 
portion of the free acid is neutralized with caustic soda ; and a solution of 
sodium acetate containing free acetic acid is added in excess. If the ad- 
dition of the acetate produces a precipitate, this must be filtered off, re- 
dissolved and reprecipitated with sodium acetate as before and the filtrate 
and washings added to the previous filtrate. An excess of silver nitrate is 
added to precipitate silver phosphate, and the free acetic acid is neutralized 
with caustic soda until there is only a faint acid reaction to litmus paper. 
The slightest excess of alkali will cause a brown precipitate of silver ox- 
ide, but this readily dissolves on the addition of a few drops of dilute 
acetic acid. The precipitate of silver phosphate, which will contain any 
chloride that may be present, is thoroughly washed with water and dis- 
solved on the filter with dilute nitric acid ; a little ferric sulfate is added to 
the filtrate, and the phosphoric acid is determined by the Volhard method 
of titrating with standard sodium thiocyanate. The precipitate of iron and 
aluminum phosphates is dried, ignited, weighed and dissolved in acid, and 
the iron is determined volumetrically and calculated to iron phosphate. 
The balance is assumed to be aluminum phosphate. 

The method proposed by Holleman* is similar to that suggested by 
Perrot in that the phosphoric acid is precipitated with an excess of silver 
nitrate, and the excess is determined by the Volhard method. 

In the operation of the method, 50 cc. of the solution to be analyzed, 
containing a slight excess of nitric acid and not more than 0.2 gram of 
PgOj, is treated with 10 cc. of normal sodium acetate solution, and a slight 
excess of o.i N silver nitrate is added. The solution is neutralized with 
0,1 V sodium hydroxide, the quantity required having been previously de- 
termined by titrating 10 cc. of the liquid to be analyzed, and phenol- 
phthalein is used as indicator. Five times the quantity required for neutra- 
lization of the 10 cc. less 0.5 cc. is added. By this treatment the phosphoric 
acid is completely precipitated as silver phosphate. 

Na,HPO, -f sAgNO, = Ag^PO^ + 2NaN03 + HNO3. 

The excess of silver in the filtrate is determined by titrating an aliquot with 
ammonium thiocyanate, ferric potassium alum being used as indicator. 
The presence of sulfuric and nitric acids does not interfere with the reac- 
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tion, but hydrochloric acid must be absent. Alkali and alkaline earth 
metals may be present, but not the heavy metals. 

When iron and aluminum are present, 100 cc. of the solution is pre- 
cipitated with 30 cc. of normal sodium acetate, and the phosphoric acid is 
determined volumetrically in 50 cc. of the filtrate. The precipitate of iron 
and aluminum phosphates is weighed and ignited, and its weight multi- 
plied by 0.2225 is added to the PjOj found volumetrically. 

Inasmuch as most commercial phosphates contain iron and aluminum, 
and it is necessary to determine them gravimetrically, there would seem 
to be little or no gain in time and no simplification of the process to ana- 
lyze such material by a volumetric method of this kind. 

Alnm Methods. — Methods involving precipitation as aluminum phos- 
phate have long been used for the gravimetric determination of phosphorus 
and particularly of aluminum. Attempts have been made to apply the 
same principles in the volumetric analysis of phosphorus, but none of the 
methods proposed is sufficiently promising to warrant its adoption in the 
analysis of fertilizers. In the oldest of these methods (FleischerV), an 
acetic acid solution of the phosphate is titrated with 0,1 N alum solution 
until no further precipitation occurs, as indicated by testing small drops of 
the filtrate. 

In Spica’s method* the sample of phosphate to be analyzed is heated 
with sulfuric acid until the latter is almost entirely driven off, and the resi- 
due is treated for the recovery of phosphoric acid by leaching with absolute 
alcohol. The resulting solution is evaporated to drive off alcohol ; neutra- 
lized with sodium hydroxide, as indicated with phenolphthalein ; and made 
up to volume. An aliquot is titrated with a standard solution of ferric 
ammonium alum until a violet color shows with salicylic acid. Iron, alumi- 
num and manganese must be absent. The alum solution may be stand- 
ardized against a solution of microcosmic salt containing 2.9439 grams per 
liter, of which i cc. is equivalent to 0.001 gram of P2O5. Arnold and 
Wedemeyer* investigated this method, but they could not recommend it 
because alcohol is not a satisfactory separating agent and the results are 
too low when it is used. 


* Z. onoi. Chem.t 4 , 19 (186s). 
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lodometrio Hetliods. — The method of Christensen^ is based on the re- 
action that takes place between free acid and a mixture of potassium iodide 
and potassium bromate, as represented in the following equation : 

6H3PO4 + 6KI + KBrOa = 6KH,PO, + KBr + 3I2 + 3H2O. 

In the analysis of free phosphoric acid by this method, a solution of the 
sample containing not more than 0.5 gram of phosphoric acid is treated 
with 10 cc. of a 5 per cent potassium bromate solution and 3 grams of po- 
tassium iodide is added. The resulting solution is diluted to 100-120 cc., 
allowed to stand on a water bath at 40-50 C. for 30 minutes, cooled and 
titrated with 0.1 N sodium thiosulfate solution, i cc. of o.i N sodium 
thiosulfate solution is equivalent to 0.0071 gram of PgO^. 

In applying the method to the analysis of an insoluble phosphate such 
as basic slag, the sample is treated with citric acid and the phosphoric acid 
in solution is precipitated as ammonium magnesium phosphate in the usual 
way. The precipitate is washed first with 2.5 per cent ammonia, then with 
alcohol to remove ammonia, and dissolved in an excess of standard sul- 
furic acid, at least 30 cc. of o.i N sulfuric acid being used for this purpose 
for each 0.1 gram of P2O5 in the precipitate. The reaction involved in 
the solution of the precipitate is as follows : 

2 NH,MgP 0 , + 3H2SO, =: 2MgS04 + + 2H3PO4. 

The analysis is completed by adding potassium iodide and potassium 
bromate and titrating with 0.1 N sodium thiosulfate as described for free 
phosphoric acid. 

The equation shows that 3 mols of diabasic sulfuric acid are replaced in 
the reaction with 2 mols of phosphoric acid, which is claimed to act in the 
liberation of iodine as a monobasic acid. Two equivalents of acid are thus 
lost in the reaction for each equivalent of phosphoric acid that is formed. 
The sodium thiosulfate equivalent to the phosphoric acid in the magnes- 
ium ammonium phosphate precipitate is therefore obtained by subtract- 
ing the cubic centimeters of the thiosulfate solution required in the titra- 
tion from the volume equivalent to the 0.1 N sulfuric acid used in dis- 
solving the precipitate and dividing the result by 2. i cc. of 0.1 AT sodium 
thiosulfate solution as before is equal to 0.0071 gram of PjO^. 

Jorgensen* considers the method unreliable owing to the possible liber- 
ation of iodine by the monopotassium phosphate formed in the reaction. 

>Z. anal Chem,, 30 , 81-94 <1897). 
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In the method proposed by Lindeman and Motteu^ the phosphoric acid 
is precipitated as manganous ammonium phosphate and determined in- 
directly by iodometric titration of the manganese in this precipitate. The 
solution of alkali phosphate to be analyzed is treated with ammonia, am- 
monium chloride and ammonium citrate solutions, and sufficient mangan- 
ous sulfate is added to precipitate the phosphoric acid as manganous am- 
monium phosphate. The precipitate is washed, dissolved in hydrochloric 
acid, treated with hydrogen peroxide, made alkaline with potassium hy- 
droxide, boiled, cooled and acidified with hydrochloric acid ; an excess of 
potassium iodide is added ; and the iodine set free is titrated with a stand- 
ard solution of sodium thiosulfate. The reactions involved in the succes- 
sive steps of the determination may be represented as follows : 

(i) MnNH.PO^ + 3HCI MnC 4 + NH*C 1 + H3PO,; (2) MnC 4 
+ HA + 2HCI = MnCl, -f 2H2O; (3) MnCl, + 2KI = MnC 4 + 
2KCI -f- I2 ; and (4) 2Na2S203 + 4 = 2NaI + Na2S403. 

The claim is made that only 5/6 of the manganous salt is oxidized to 
the manganic form by treatment with hydrogen peroxide and that 10 mols 
of the sodium thiosulfate is therefore equivalent to 3 mols of P2O5. 

Insoluble phosphates are analyzed by dissolving in nitric acid, precipi- 
tating with ammonium molybdate, dissolving in ammonia, and proceeding 
as described for the analysis of alkali phosphates. The method is ob- 
viously too long and is not sufficiently accurate to justify its use in the 
analysis of fertilizers. 

Volumetric Methods — (b) Involving Molybdate Precipitation 

Direct Titration with Standard Molybdate Solution. — ^The use of am- 
monium phosphomolybdate in the direct titration of phosphoric acid was 
first proposed by Pemberton in 1882.^ The method consisted in adding 
ammonium nitrate to a nitric acid solution of the phosphate, neutralizing 
with ammonia, heating to 60° C. or above, and then titrating with a standard 
solution of ammonium molybdate until, after the settling of the precipitate, 
further addition of the standard solution produced no cloudiness in the 
clear liquid. The standard solution was prepared by dissolving 89.543 
grams of ammonium molybdate in water and making up to a liter. One cc. 
of this solution corresponds to 0.003 gram of PjOg. If necessary to secure 
a clear solution, the addition of a little ammonia before filling to the liter 
mark was recommended. 
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Similar methods have also been described by Hundeshagen,^ Crete* and 
Arragon.® An outline of the Pemberton method was included in a report 
that was presented to the Association of Official Agricultural Chemists 
at its second meeting in 1884. The method proved to be tedious and 
uncertain owing to the difficulty of determining the end point, and it was 
quickly replaced by more convenient methods involving the use of am- 
monium molybdate. 

Acidimetric and Alkalimetrio Methods. — The analysis of phosphates by 
titration of the ammonium phosphomolybdate precipitate with caustic 
alkali was first suggested by Pemberton in 1882 at the time he announced 
his direct titration method. The details of the method were not published, 
however, until 1893. In the meantime a number of other chemists de- 
scribed methods for determining phosphoric acid by the same general 
procedure of dissolving the molybdate in an excess of standard alkali and 
titrating back with standard acid. 

This general method of analysis was first described in detail by Thilo,* 
who applied it to the determination of phosphoric acid in basic slag. From 
2 to 2.5 grams of the sample is dissolved in hydrochloric acid and heated 
to boiling with the addition of a little nitric acid to oxidize the iron. The 
solution is cooled and made up to volume, and an aliquot corresponding 
to 0.25 gram of the sample is treated with ammonia until a precipitate 
forms. The solution is acidified with nitric acid in slight excess, warmed 
to 70° C., 50 cc. of ammonium molybdate solution is added, and the solu- 
tion is stirred for 5 minutes to precipitate ammonium phosphomolybdate. 
The precipitate is filtered, washed with 20 per cent ammonium nitrate 
solution and dissolved in an excess of standard ammonia solution, and the 
excess of ammonia is titrated with standard sulfuric acid, litmus being 
used as indicator. The ammonia solution is standardized against a 
weighed amount of pure, dry ammonium phosphomolybdate, prepared by 
treating a solution of sodium phosphate with an excess of the molybdate 
solution. The molybdate solution recommended by Thilo for this determi- 
nation contained 5 parts of molylxlic acid, 15 of ammonia, and 75 of nitric 
acid per 100 cc. 

A method described by Isbert and Stutzer® for the analysis of phosphates 
differs from that described by Thilo in that phosphoric acid is determined 


' CAf»i. News, 60 , 203 (1889). 
*Bcr., 91 , 2762 (1888). 

* Rev. gen. chint., 6 , 9 (1903). 
*Chem. Ztg., 11 , 193 (1887). 

anal. Chem., 96 , 583 (18S7). 



METHODS FOR DETERMINATION OF PHOSPHORIC ACID 173 

indirectly from the aninionia content of the ammonium phosphomolybdate 
precipitate. The sample is dissolved in aqua regia, filtered, and an excess 
of ammonia is added to a suitable aliquot of the filtrate. The resulting 
solution is acidified with nitric acid, and the P2O5 is precipitated with 
molybdate solution at 6o°-70° C. The precipitate is washed with cold 
water, transferred with the filter to an Erlenmeyer flask, sodium hy- 
droxide is added in excess, and the ammonia is distilled off into a solu- 
tion of standard acid which is then titrated back with standard barium 
hydroxide solution, rosolic acid being used as indicator. Reis,^ Hun- 
deshagen^ and Laible^ claim that this method is not accurate because the 
ammonia content of the molybdate is not constant. 

An extensive investigation of various methods of determining phos- 
phoric acid by use of ammonium molybdate was made by Hundeshagen 
in 1889.® He showed that the yellow precipitate formed on adding am- 
monium molybdate to a solution of the phosphate has the composition 
— (Mo03)i 2P04(NH4)3 — when freed from molybdic acid and other im- 
purities, and that 23 mols of alkali are required to neutralize one mol of 
ammonium phosphomolybdate. In applying the alkalimetric titration of 
this compound to the volumetric analysis of phosphates, it is recommended 
that the precipitate be washed with 5 per cent ammonium nitrate, an excess 
of standard sodium hydroxide added, and the excess of alkali titrated with 
-standard nitric acid, phenolphthalein being used as indicator. 

In the method proposed by Manby* for the determination of phosphorus 
in iron and steel, the phosphate in solution is precipitated near the boil- 
ing point with molybdate solution. The precipitate is washed with a solu- 
tion containing 3 per cent each of nitric acid and potassium nitrate, dis- 
solved in 50 per cent ammonium hydroxide, the excess ammonia is boiled 
off and 2 cc. of nitric acid (sp. gr. i.2o) is added. The solution is again 
evaporated to dryness, heated to expel nitric acid and ammonium nitrate, 
and the residue is dissolved in an excess of standard sodium hydroxide. 
The excess of alkali is finally titrated with standard nitric acid as de- 
scribed by Hundeshagen. The molybdate solution used in making the 
precipitation is prepared by dissolving 100 grams of molybdic oxide in 
150 cc. of water and 100 cc. of concentrated ammonia, the excess of am- 
monia is allowed to distil off, and the residue is poured into 1500 cc. of 
dilute nitric acid {1 + 2 ). 

* Loc, cit» 

• Chem, 11 , 286 (1887). 

•Z. anal. Chem., MB , 171 (1889); Chem. News., 90 , i68, 177, 188, 201, 215 (1889). 

*/. Anal. Applied Chem., 9 , 82 (1892). 
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Hai)dy^ showed that the steps in Manby’s method of evaporating to 
dryness and heating to expel nitric acid and ammonium nitrate were un- 
necessary and that the time required to make a determination could be 
greatly reduced by washing the precipitate first with i per cent nitric 
acid and then with o.i per cent potassium nitrate solution, dissolving the 
precipitate in an excess of standard sodium hydroxide, and titrating with 
standard nitric acid in the usual way. A similar procedure was also rec- 
ommended by Rothberg and Auchinvole.* 

As stated previously Pemberton made a preliminary announcement of 
an alkalimetric method for phosphate analysis in 1882, the details of which 
were not published until 1893. This method,® which was intended par- 
ticularly for the analysis of phosphate rock and phosphatic fertilizers, re- 
ceived the immediate attention of the Association of Official Agricultural 
Chemists, and the following year it formed the subject of a collaborative 
study of the Association under the direction of B. W. Kilgore, Referee 
on Phosphoric Acid. The method as submitted by the collaborators in 
this preliminary study was as follows : 

REAGENTS 

Ammonium molybdate . — Dissolve go grams of crystallized ammonium molybdate 
in somewhat less than a liter of water, filter, and make up to the mark. 

Standard potassium hydroxide solution , — Dilute 323.8 cc. of normal potassium 
hydroxide to i liter, i cc. of this solution is equivalent to i mg. of PtOs. 

Standard acid solution . — Prepare a hydrochloric or nitric acid solution having 
the same strength volume for volume as the standard potassium hydroxide solution. 

Phenol phthalein indicator . — Dissolve i gram of phenolphthalein in 100 cc. of 
60 per cent alcohol. 


DETERMINATION 

Dissolve I gram of phosphate rock or 2-3 grams of fertilizer in nitric acid and, 
without evaporating to dryness, dilute to 250 cc. Transfer an aliquot of 25 cc. to 
a 150 cc. beaker, add ammonia until a precipitate just begins to form, and then treat 
with 5 cc. of nitric acid (sp. gr. 14). Add 10 cc. of a saturated solution of am- 
monium nitrate, dilute to 50-75 cc., heat to boiling, add sufficient ammonium molyb- 
date solution to insure complete precipitation, and filter at once. Thoroughly wash 
the precipitate by decantation and on the filter, transfer filter and precipitate to the 
beaker in which the precipitation has been made, dissolve the precipitate in an excess 
of the standard alkali, and add at least 0.5 cc. of phenolphthalein solution and then 
standard acid until the color disappears. 


^ 7 . Anal, Applied Chem., B, 204 (1893). 
* Ibid,, 343 . 

* 1 . Am, Chem. Sac,, 15 , 382 (1893). 
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The use of phenolphthalein as indicator was recommended because it 
had been shown by Long^ to give accurate results in the presence of the 
limited quantity of ammonium salts contained in the solution, provided 
the solution is cold and the indicator is used in sufficient quantity. 

The reaction involved in the solution of the ammonium phosphomolyb- 
date precipitate in the standard sodium hydroxide solution is represented 
by the following equation : 

2(NH,)3PO,(MoO,),, + 46NaOH = 

2(NHJ3HP04 + (NHJ3M0O, + 23Na,MoO, + 23H,0. 

In this equation, 46 mols of sodium hydroxide are equivalent to i mol of 
P2O5, and 1 cc. oi 0.1 N sodium hydroxide solution neutralizes an equiva- 
lent of 0.3089 mg. of P2O5 in the molybdate precipitate. 

The reports submitted in this first collaborative study of the method 
were on the whole favorable, although the results obtained were some- 
what more variable than those obtained with the official gravimetric method. 
A tendency towards high results was also noted. 

In a report submitted to the Association the same year Kilgore* showed 
that more concordant results could be obtained by introducing certain 
modifications in the method. The more important of these modifications 
included a change in the temperature at which precipitation is made from 
near boiling to 45°-SO° C., and in the strength of the molybdate solution 
from 66 grams of molybdic acid (M0O3) per liter to 50 grams, as in the 
official reagent for use in gravimetric analyses. It was further recom- 
mended that the molybdate solution be acidified, before using, with 5 cc. 
of strong nitric acid per 100 cc. These modifications were included in 
the collaborative study that was made of the method during 1895 and 
the following year the further modification was introduced of washing 
the molybdate precipitate with cold water rather than with dilute solu- 
tions of nitric acid and potassium nitrate.* The work was continued for 
two more years, when the method was adopted as an optional method 
for the determination of phosphoric acid. The referee's report f(»r 1898 
also made reference to tests on a further modification of the method which 
consisted in precipitating at room temperature with continuous stirring 
rather than at 45°-50® C. with occasional shaking. A favorable report on 
this modification of the volumetric method was made to the Association 


* Am . Chtm , 11 , 84 (1869). 

*U. $. Dept Agr. Bur. Ckem. Bull., €7 xoo-4 (1895). 
49 , So (1897). 
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two years later by Williams.^ This report and the satisfactory results ob- 
tained in the collaborative studies of the modified procedure resulted in 
its adoption in 1900 as an alternative step in the optional volumetric meth- 
od for determining phosphoric acid. The last of these referee's reports, 
which were presented in 1901 and 1903, gave results on a comparative 
study of this method with the gravimetric method.* 

Although no further report was presented to the Association for a 
period of 25 years, numerous papers on the subject appeared in the liter- 
ature during this time. These publications showed that the method had 
not been entirely reliable under all conditions and that slight deviations 
from the accepted procedure materially affect the results.* The presence 
of sulfates in particular was found to be a disturbing factor, giving high 
results when precipitation is made at 45‘^“50® C., as in the more commonly 
used procedure of analysis. This was first pointed out by Richardson,^ 
who recommended the elimination of sulfates by the addition of an equiva- 
lent amount of barium chloride solution immediately following the acid 
digestion of the sample, cooling, making up to volume, and filtering in 
the usual way. It was shown that the high results obtained in the pres- 
ence of sulfates was due to a complex ammonium sulfomolybdate which 
has the acid nature of ammonium phosphomolybdate and which is simul- 
taneously formed when phosphoric acid is precipitated by ammonium 
molybdate. This was later confirmed by Falk and Suguira,® who ex- 
pressed the view that the ammonium sulfomolybdate combination is an 
essential part of the phosphomolybdate precipitate. The preliminary re- 
moval of sulfates by the addition of a barium salt has also been recom- 
mended by Breckenridge.® 

Shuey^ has shown that the presence of sulfates does not interfere and 
that their removal is unnecessary if precipitation is made at 20^-30^ C. 
with stirring as in the alternative official volumetric method. A similar 
conclusion w'as also reached by Bible® in a comparative study of the two 
procedures. 

In view of these observations a collaborative study of the official volu- 
metric methods was again undertaken in 1928 and in 1929. The results 

* U. S. Dept. Agr. Bur. Chem. Bull., 62 , 55 (1900). 

6T, aa (190a); 81 , 163 (1904)- 

*C£. Carpenter, /. Ind, Bng, Ckcm,, 8 , 157 (1910). 

*J. Am. Chem. See., 88, 13x4 (1907). 

»/. Am. Chem. See., Iff, 1307 (1915). 

*lnd. Eng. Chem., 18 , xx 8 o (19^4)* 

8 , 367 (1917). 

*/. Aesoc. Official Agr. Chem., 11 , ia6 (xpaS). 
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showed, in agreement with previous work on the subject, that the presence 
of sulfates seriously interferes with the volumetric analysis of phosphates 
when precipitation is made at 4S°-50® C., but that the interference is slight 
whjpn precipitation is made at 25^-30° C. with continuous stirring. It was 
pointed out that laboratory temperatures vary greatly in different sections 
at different seasons of the year and that the expression “room tempera- 
ture” as given in the alternative volumetric method is not sufficiently def- 
inite. It was accordingly recommended that the wording “room tempera- 
ture” in this method be changed to read C.” and that the pro- 

cedure of precipitating at 45'^“50° C. with occasional shaking be stated 
as not applicable to the volumetric determination of phosphoric acid in the 
presence of sulfates. 



Fig 8 — Kgs', Kershaw btirring Apparatus 


A convenient stirring apparatus for use in the official method for de- 
termining phosphoric acid is shown in Fig. 8, This apparatus differs 
from others of a similar type in that the solution is stirred with a straight 
glass rod. The rod can be easily and quickly attached to the spring 
clamp provided for holding it in place and as easily withdrawn for sub- 
sequent use in filtering the solution. A single belt suffices to drive all the 
stirring rods. 

Fig. 9 shows a shaking machine adapted for use with Erlenmeyer 
flasks. The circular plate holding the flasks is given a combined eccentric 
and tilting motion which brings about an efficient agitation of the solution 
in the flasks without danger of loss through splashing. The flasks are 
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supported on the plate by spring clamps and can be removed or replaced 
while the apparatus is in motion. Either machine may be operated by a 
one-tenth horsepower motor. 



Fig 9 — Ross Kershaw Shaking Machine 


Neumann' has proposed a modification of the Pemberton method that 
is particularly adapted to the determination of phosphoric acid in organic 
materials. The sample for analysis, containing not more than 0.05 gram 
of PjOft is digested in a mixture of equal parts of concentrated sulfuric 
and nitric acids until organic matter is destroyed, diluted with 40 cc. of 
water, and 25 grams of ammonium nitrate is added. If more than 40 
cc. of the acid mixture is used in the digestion, the ammonium nitrate 
taken and the volume of the solution should be proportionately increased. 
The solution is then heated to 70^-80® C., and the phosphoric acid is pre~ 
cipitated by adding ammonium molybdate, shaking for 30 seconds and 
allowing to stand for 15 minutes. The precipitate is washed on a filter 
with ice cold water, transferred with the filter to the flask in which the 
precipitation has been made, and 150 cc. of water is added. The filter 
is broken up by shaking, and the precipitate is dissolved in an excess of 
0.5 N potassium hydroxide. The solution is then boiled until all am- 
monia is dispelled, and cooled, and the excess of alkali is titrated with 0.5 
N sulfuric acid, phenolphthalein being used as indicator. 


physik, Chem., 9 t, 11$ (1902). 
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In the reaction that takes place under these conditions between potas- 
sium hydroxide and the ammonium phosphomolybdate precipitate. 56 
mols of the standard alkali are required for each mol of PjOg present. 
One cc. of the 0.5 N potassium hydroxide solution therefore corresponds 
to 1.268 mg. of P2O5. 

Beductioxi Methods. — The use of a reduction method in the volumetric 
determination of phosphoric acid was first suggested by Sopp^ in 1858. 
This method has been the subject of many subsequent investigations, and 
is one of the oldest of the volumetric methods for the determination of 
phosphoric acid. It is an indirect method as applied to this determination 
in that it specifies precipitating the phosphoric acid as ammonium phos- 
phomolybdate, filtering, dissolving in ammonia, reducing the molybdic acid 
to a lower state of oxidation by means of zinc and sulfuric acid, and then 
titrating the reduced oxide with a standard solution of potassium per- 
manganate. 

A similar method was later developed independently by Wright,^ who 
applied the principle used by Werncke® for the volumetric determination 
of molybdic acid to the determination of phosphorus in the ammonium 
phosphomolybdate precipitate. The method was later modified by* Em- 
merton,* Drown,® Jones,® Dudley and Pease, ^ Noyes and Frohman,® Noyes 
and Royse® and others. Inasmuch as Emmerton was the first to publish a 
detailed investigation of the method in the United States, it has frequently 
been referred to in this country as the Emmerton method. 

The method as perfected by these investigations is particularly adapted 
to the determination of phosphorus in iron and steel and is the best known 
of the volumetric methods in use for this purpose. The results obtained 
with it are considered to be very accurate when the details are carefully 
observed. This method was adopted by the subcommittee appointed by 
the International Steel Standards Committee of the United States to con- 
sider all the rapid methods for the determination of phosphorus in iron 
and steel. The details of the method as approved by this committee are 
as follows: 


^ Landw, Mitt,, 1, 62 (1858). 

^ Trans, Am. Inst, Min. Eng., 10 , 197*^00 (j88i). 

*Z, anal, Chem., 14, t (1875)- 
♦ Trans. Am, Inst. Min, Eng., 16 , 93*102 (1886). 

•Ibid., 18 , 90 (1889). 

•Ibid,, 70s, 

Anal. Applied Chem,, 7, 108 (1893); Chem. Soc., 18 , 519 (1893); 16 , 224 (1894). 

•/*. Am, Chem. Sec.,' 16 , 553 (1894)* 

•Ibid., IT, 129 (1895)- 
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REAGENTS 

Dilute sulfuric acid solution. — Dilute 25 cc. of concentrated sulfuric acid to i 
liter to give a 2.5 per cent solution by volume. 

Potassium permanganate solution. — Dissolve 12.5-15.0 grams of crystallized 
potassium permanganate in i liter of water and filter through asbestos. 

Ammonium molybdate solution. — Dissolve 100 grams of molybdic oxide in 400 
cc. of ammonia (sp. gr. 0.96) and pour the solution slowly, with constant stirring, 
into a mixture of 400 cc. of strong nitric acid (sp. gr. 142) and 600 cc. of water. 
Add I cc. of a 10 per cent solution of sodium phosphate, stir vigorously, and allow 
to stand in a warm place for 18 hours; filter before using. 

Acid ammonium sulfate solution. — To i liter of water add 15 cc. of strong 
ammonia (sp. gr. 0.90) and 25 cc. of strong sulfuric acid (sp. gr. 1.84). 

Amalgamated sine. — Dissolve 5 grams of mercury in 25 cc. of dilute nitric acid 
(i + i) ; dilute to 150 cc. and transfer to a flask of about 1000 cc. capacity. Pout 
into it 500 grams of 20-30 mesh granulated zinc. Shake thoroughly and pour off 
the solution; wash the zinc thoroughly with water, dry, and preserve in a glass- 
stoppered flask. 

Ferric alum. — Dissolve 200 grams of ferric ammonium sulfate crystals in 1950 
cc. of water. Add 50 cc. of sulfuric acid (sp. gr. 1.84) and 80 cc. of phosphoric 
acid (85 per cent). 

Standard potassium permanganate solution. — Dissolve 3.0-3.2 grams of crys- 
tallized potassium permanganate in i liter of water. Filter it through asbestos and 
store in a dark-colored bottle. Standardize the solution by one of the following 
methods : 

(x) Dissolve from 0.15 to 0.25 gram of pure iron in 40 cc. of dilute sulfuric 
acid (1+3); add sufficient potassium permanganate to oxidize the iron and car- 
bonaceous matter, avoiding an excess; cool; add 10 cc. of dilute ammonia (l + i) ; 
pass through a Jones reductor, as in the reduction method described below for the 
determination of phosphorus; and titrate with the permanganate solution. The re- 
action that takes place is as follows : 

ioFeS04 + 2KMn04 + 8HaS04 = 5Fc,(S04), + KSO, -f 2MnS04 + 8H,0. 

To determine the normality of the permanganate solution, multiply the weight 
of the iron wire taken by the percentage of iron in the wire, divide it by the number 
of cubic centimeters of potassium permanganate solution used and multiply the re- 

suit by the factor ”-g^ • 

(2) Dissolve in nitric acid a definite weight of iron, containing a known quan- 
tity of phosphorus, and determine the value of the permanganate solution in terms 
of the phosphorus present by precipitatiflg with ammonium molybdate, dissolving in 
ammonia, reducing the molybdic acid with a Jones reductor, and titrating in exactly 
the same way as in the reduction method described below for the determination of 
phosphorus. 

(3) Prepare a 0.1 N solution of sodium oxalate, containing 0.67 gram per 100 
cc. ; dilute an aliquot of 25 cc. to 100 cc. ; acidify with 10 cc. of dilute sulfuric acid 
(i -f-4) ; heat to 70® C. and titrate with the permanganate solution to a faint perma- 
nent pink color. The reaction involved is as follows : 

2KMn04 + 5NatC,04 + 8H*S04 = RSO* + 2 MnS 04 -f sNatSO* + loCO, -f 8HtO. 
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The normality of the potassium permanganate solution is given by dividing the 
product 25 X o.i by the number of cubic centimeters of the permanganate solution 
required in the titration. Sodium oxalate can be obtained from the U. S. Bureau 
of Standards with a guarantee of purity. When this salt is available the standard*- 
ization of potassium permanganate against this reagent is recommended as most 
accurate and convenient. 


APPARATUS. 

Jones reductor . — This is shown in Fig. 10. It consists of a tube, A, 1.8 cm. 
inside diameter and 30 cm. long. The small tube below the contraction with the 
stopcock B is 0.6 cm. inside diameter and should reach almost to the bottom of the 
receiving flask C. A flat piece of fine platinum gauze, or a perforated porcelain 
plate, D, is placed at the point of the contraction and on top of this is placed in turn 
a plug of glass wool, B, about i cm. thick, and a coating of asbestos, F, not over 
I mm, thick. The tube is then filled with amalgamated zinc G, as shown in the 
figure. A pressure regulator, H, may be conveniently used to regulate the pressure 
in the flask C by adjusting the depth of the glass tube, /, in the water or other liquid 
contained within the regulator. 


DETERMINATION 

Weigh 1-2 grams of steel drillings or other material to be analyzed into a 250 
cc. Erlenmeyer flask. Add 100 cc. of nitric acid (sp. gr. 1.135), cover with a watch- 
glass, and heat until the solution is complete and nitric acid is boiled off. Add 10 
cc. of strong potassium permanganate solution and boil until the (fink color has 
disappeared and manganese dioxide has separated. Add a small crystal of ferrous 
sulfate and repeat the addition of sulfate until the precipitated manganese dioxide 
is redissolved. Boil 2 minutes longer, cool, add dilute ammonia (i + i) until the 
iron is entirely precipitated and then dilute nitnc acid cautiously with stirring until 
the solution just becomes clear again; adjust to a temperature of about 65° C.» 
add 40 cc. of molybdate solution, shake for 5 minutes, filter and wash with acid 
ammonium sulfate until 2 or 3 cc. of the wash water gives no reaction for molyb- 
denum with a drop of ammonium sulfide. Dissolve the precipitate on the filter 
with 5 cc. of strong ammonip (sp. gr. 0.96) in 20 cc. of water and wash with hot 
water into the flask to a volume of about 60 cc. ; add 10 cc. of strong sulfuric acid 
and pass the solution through the Jones reductor into a flask containing 50 cc. of 
ferric alum solution; rinse the flask with dilute sulfuric acid and transfer to the 
funnel of the reductor when it is nearly empty in such a way as to wash it ; follow 
with 200 cc. more of warm, dilute acid, and finally with 50 cc. of hot water. In no 
case allow the funnel to get empty. Close the stopcock B when there is still a little 
of the wash water in the funnel above the zinc in order to prevent access of air. 
Titrate the recovered solution with the standard permanganate until it assumes a 
faint pink color which remains for a minute. Make a blank determination by passing 
through the reductor a solution containing a mixture of 10 cc. of strong sulfuric 
acid, to cc. of dilute ammonia and 50 cc. of water, followed by 200 cc. of dilute 
sulfuric acid as described above. Substract the titre secured in the blank titratioti 
from the volume required to titrate the reduced solution, Multiply the number of 
cubic centimeters thus obtained by the value of i cc. in terms of phosphorus, multi- 
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ply this product by loo and divide by the weight taken in order to obtain the per- 
centage of phosphorus in the sample. The amount of permanganate required to 
give the blank a distinct color should not exceed 0.2-0.3 cc. 

The molybdenum is entirely reduced in passing through the reductor to 
the form MogOg and is oxidized by the ferric alum to the form M0O3, an 
equivalent amount of iron being reduced to the ferrous condition. One cc. 
of o.i iV potassium permanganate is equivalent under these conditions to 
0.1972 mg, of P2O5. If the ferric alum solution is not placed in the flask 
a slight oxidation takes place before titration, the oxide M024O37 appar- 
ently being formed.^ The value of i cc. of o.i iV potassium permanganate 
when the titration is made in this way is then equivalent to 0.2030 gram 
of PaOg. 

* Blair, Chemical Analysis of Iron, 7th ed., p. 96 . 
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In the use of the Jones reductor, care should be taken to exclude air 
from the zinc by keeping it continuously covered with water. If the 
apparatus is left standing for a time if is important that the zinc be 
washed with hot, dilute sulfuric acid and water before it is used. The re- 
ductor should be so arranged that the whole reduction occupies but 2 or 3 
minutes. 

In a modification of the method proposed by Campbell^ the molybdate 
solution is reduced with stannous chloride to molybdenum pentachloride. 
The latter is then oxidized with an excess of a known amount of potas- 
sium bichromate, and the excess is determined by means of ferric chloride, 
the spot method with potassium ferrocyanide being used as indicator. The 
excess of stannous chloride is removed with mercuric chloride. 

Fairbanks^ developed a method for determining phosphorus in iron by 
reducing the ammonium phosphomolybdate precipitate with potassium 
iodide in hydrochloric acid, neutralizing with sodium bicarbonate and 
titrating with standard iodine solution. 

Centrifugal Methods. — The centrifugal methods for the determination of 
phosphoric acid are based on the direct measurement of the volume occu- 
pied by the ammonium phosphomolybdate precipitate. This procedure was 
first proposed by Sopp in 1858,^ and later applied by Eggertz to the deter- 
mination of phosphorus in iron and iron ores. The Eggertz method con- 
sists in treating a nitric acid solution of the sample with ammonium molyb- 
date, stirring for 2-3 hours at 40° C., transferring the precipitate to a 
small graduated tube, compressing the precipitate in the tube and noting 
its apparent volume. The tube had an internal diameter of i mm. and 
was provided with a funnel at one end ; the other end was closed with a 
cotton plug covered with filter paper to permit the escape of excess liquid. 
The tube was so graduated that each division corresponded to 0.0 1 per cent 
of phosphorus on the basis of a i gram sample. 

The use of a centrifugal for collecting the precipitates in a graduated 
tube was first suggested by Goetz, manager of the Otis Steel Company, 
Cleveland, Ohio, in a communication to a former professor.^ The method 
was further modified two years later by Bormann,® who adapted the 
method to the analysis of high carbon steels by treating the solution of the 


* /. Anai. Ckem,, 1 . 370 (1887). 

* 2 . anorg. Chem,, 13 , 117 (1897)* 

• Lqc. cJ. 

« Wedding, Stahi und Biscn, 1 € 87 , 118. 

• Z. angeiv, Chem., 1883 , 638. 
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sample with potassium permanganate to oxidize the carbon that would 
otherwise be deposited and add to the bulk of the molybdate precipitate. 

In carrying out the method as thus developed, 1.2 grams of the sample 
is dissolved in 15 cc. of nitric acid (i + i) boiled 2 minutes, and 10 
cc. of a 25 per cent solution of ammonium nitrate is added. The result- 
ing solution is transferred while still hot to a pear-shaped tube with a 
graduated prolong of standard internal diameter, 30 cc. of ammonium 
molybdate solution is added, and the volume of the solution is adjusted to 
a proper height by the addition of ammonium nitrate solution. The vessel 
is then stoppered, shaken vigorously i minute, placed in a centrifuge, and 
rotated for 2 minutes at a sj^ed of 12,000 r.p.m. A reading is then made 
of the apparent volume of the yellow precipitate that collects in the pro- 
long of the tube. 

In the case of high carbon steels, the sample is dissolved in 25 cc. of 
nitric acid (9 + the solution is concentrated to small volume, and 8-12 
drops of a 0.12 per cent potassium permanganate solution are added. The 
manganese dioxide that separates out is dissolved in 5~io drops of con- 
centrated hydrochloric acid, the solution is again concentrated to expel ex- 
cess hydrochloric acid, 10 cc. of ammonium nitrate solution is added, and 
the process is continued as before. 

The compact precipitate that collects in the prolong of the tube during 
the centrifuging process may be readily removed at the end of a determi- 
nation by inverting the tube and directing a fine stream of water into the 
precipitate from a supply stored at a higher level. 

The ammonium molybdate solution used in this determination may be 
prepared by dissolving 100 grams of molybdic oxide in 415 cc. of dilute 
ammonia (144 cc. of strong ammonia in 271 cc. of water), filtering, and 
pouring the filtrate slowly with stirring into 1637 cc. of dilute nitric acid 
(489 cc. of strong nitric acid in 1148 cc. of water). 

Graduated tubes which are specially designed for this determination 
may now be obtained from chemical supply houses under the trade name 
of “Goetz tubes.” Specially designed centrifuges having aluminum arms 
fitted with conical aluminum holders for the Goetz tubes are also available. 

A standard Goetz tube as shown in Fig. ii has a capacity of about 100 
cc. The upper part of the tube has an internal diameter of about 60 mm., 
while that of the graduated portion is about 2.5 mm. The graduated part 
of the tube is about 40 mm. long and has a capacity of 0.2 cc. * It is divided 
into 40 equal parts of 5 cu. mm. each. The capacity of each division is 
such that the quantity of precipitate required to fill it after centrifuging 



standards for determination of phosphoric acid 185 



Fig. X I. — Goetz Tube. 


corresponds to o.oi per cent of phosphorus on the basis of a 1.2 gram 
sample. The reading on the scale thus gives the phosphorus directly ex • 
pressed in hundredths of i per cent. 

This method, which is commonly referred to as the Goetz method, has 
long been used as a rapid control method in the manufacture of steel, but 
is now being replaced by methods involving the alkalimetric titration of 
the yellow precipitate. 

STANDAKDS FOE THE DETERMINATION OF PHOSPHORIC ACID 

A common practice among many authors of methods for the determi- 
nation of phosphoric acid has been to check the accuracy of the proposed 
method against a standard material whose composition is determined by 
other methods of analysis. This procedure is open to the objection that 
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the assumed composition of the standard is subject to the error involved 
in its analysis. 

A similar criticism is to be made of the frequent use of such a standard 
as sodium ammonium phosphate or disodium phosphate, whose phosphoric 
acid content is assumed to be known independently of any method of an- 
alysis. Each of the salts mentioned is unstable and is likely to undergo 
partial decomposition in the process of drying. The assumed composition 
of a sample of either of these materials is therefore also subject to error 
and it is very probable that much of the controversy that has taken place 
over methods of phosphoric acid analysis has been due to the use of stand- 
ards of uncertain composition. 

It is possible, however, to prepare standard phosphates which have a 
phosphoric acid content that can be estimated with a high degree of accur- 
acy independently of any methods of analysis. These phosphates are 
monoammonium phosphate and monopotassium phosphate. 

Monoammonium phosphate does not contain any water of hydration, 
and it may be safely dried to constant weight at 105°-! lo® C. It crystal- 
lizes readily, forming large well-defined tetragonal crystals which are 
among the least hygroscopic of soluble materials. It may be prepared in 
a high state of purity by adding ammonia to a solution of crystallized 
phosphoric acid until it reacts alkaline to methyl orange and acid to methyl 
red. The crystallized salt that separates on concentrating the solution, if 
necessary, and cooling is recrystallized two or three times, dried at 110° 
C., and ground in an agate mortar. 

Monopotassium phosphate is isomorphous with monoammonium phos- 
phate and may be prepared in a corresponding way by adding pure potas- 
sium carbonate to a solution of crystallized phosphoric acid. The crystal- 
lized salt contains no water of hydration and may be safely dried at 1 10° 
C. without decomposition. This salt is now prepared commercially in a 
high state of purity for use as a buffer in hydrogen-ion work. Like mono- 
ammonium phosphate, it is one of the least hygroscopic of soluble salts. 
Its composition may be checked by noting the loss of weight on igniting 
the dry salt. The orthophosphate is thereby changed to the metaphosphate 
with a decrease in weight of 13.23 per cent. 

The most carefully analyzed phosphatic material for which records are 
available is the phosphate rock standard sample No. 56 of the U. S. Bureau 
of Standards. The accuracy of the value assigned to this sample for its 
percentage of phosphoric acid has been confirmed by numerous analysts 
using different methods and by use as a standard in collaborative studies of 
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the Association of Official Agricultural Chemists. The assigned 
content of this sample and the theoretical values for the ammonium and 
potassium phosphates are as follows : 

MAterial Phosphoric acid ( PaOn) 

Per cent 

Monoamtnonium phosphate 6172 

Monopotassium phosphate 52.18 

Standard phosphate rock sample No. 56 31-33 

Standards having a lower phosphoric acid content than the values given 
may be readily prepared by mixing one or other of these samples with the 
desired weight of dry potassium sulfate. This salt is not hygroscopic, 
does not contain water of hydration and can be readily dried without de- 
composition. 

Certain insoluble materials may also be used as diluents in the prepara- 
tion of lower grade standards, but owing to the acid nature of ammonium 
and potassium phosphates it is important that the mixture does not in- 
clude calcium carbonate or other readily decomposable compounds. 

OFFICIAL METHODS 

The following specific methods for the determination of phosphoric acid 
in fertilizer materials and mixed fertilizers are considered official or have 
been legally prescribed as official in different countries. 

United States 

The methods official in the United States are those of the Association of 
Official Agricultural Chemists. They are published by the Association in 
Methods of Analysis, A.O.A.C. 

Great Britain^ 

TOTAI4 PHOSPHORIC ACID 

I REAGENTS 

(a) Molybdic acid solution , — 125 grams of molybdic acid and 100 cc. of water 
shall be placed in a liter flask, and the molybdic acid shall be dissolved by the addi- 
tion, while the flask is shaken, of 300 cc. of 8 per cent ammonia solution, prepared 
as described under (c). 400 grams of ammonium nitrate shall be added, the solu- 
tion shall be made up to the mark with water and the whole added to i liter of 
nitric add (sp. gr. 1.19). The solution. shall be maintained at about 35*" C. for 24 
hours and then filtered. 


* Ststtftory Rules snd Orders No. 4ai, 14 (1928^ 
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(b) Magnesia mixture . — no grams of crystallized magnesium chloride and 
140 grams of ammonium chloride shall be dissolved in 1,300 cc. of water. This 
solution shall be mixed with 700 cc. of 8 per cent ammonia solution, and the whole 
shall be allowed to stand for not less than 3 days and shall then be filtered. 

(c) Ammonia solutions . — One volume of ammonia solution of specific gravity 
0.880 shall be mixed with three volumes of water. This solution .shall then be ad- 
justed by the addition thereto of more strong ammonia solution or water as re- 
quired until the specific gravity of the solution is 0.967. 

The 2 per cent ammonia solution shall be prepared as follows : — 

One volume of 8 per cent ammonia solution shall be mixed with three volumes 
of water. 


2 Preparation of Solution 

(A) A weighed portion of the sample shall be heated with concentrated sul- 
furic acid until all organic matter is destroyed and the phosphoric acid is completely 
in solution. After dilution the solution shall be filtered, the insoluble matter thor- 
oughly washed, and the filtrate made up to a definite bulk. The phosphoric acid 
shall be determined by the method prescribed in par. j, in an aliquot part of the 
solution, which shall first be nearly neutralized and then acidified with nitric acid. 
The insoluble matter is to- be washed from the filter and re-extracted with acid, and 
any phosphoric acid present in the solution shall be added to the main quantity. 

(B) Alternative method . — A weighed portion of the sample shall be inciner- 
ated or otherwise treated to destroy organic matter, if present. When direct incin- 
eration is employed, the weighed portion of the sample shall be treated, before being 
heated, with a nitrate or other oxidizing material to prevent loss of phosphoric acid 
during heating or subsequent treatment. The residue (or the weighed portion taken, 
if no organic matter is present) shall be dissolved in hydrochloric acid, with the 
addition, if necessary, of nitric acid, and the solution shall be evaporated to dry- 
ness, or, if much calcium is present, to a sirupy consistency to fix silica. The 
residue shall be boiled with nitric acid and, when much iron is present, with hydro- 
chloric acid also. After dilution the solution shall be filtered, the insoluble matter 
thoroughly washed and the filtrate made up to a definite bulk. The phosphoric acid 
shall be determined in an aliquot part of the solution by the method prescribed in 
par. 3. The insoluble matter is to be washed from the filter and reextracted with 
acid, and any phosphoric acid present in the solution shall be added to the main 
quantity. 


3 DETERMINATION 

To the solution, under 2, which should contain not more than 0.4 gram of pho- 
phoric acid (PjOi), and preferably from 0.1 to 0.3 gram, iocv-150 cc. of molybdic 
acid solution, or an excess of such solution, i. e., more than is sufficient to precipi- 
tate all the phosphoric acid present in the solution, shall be added, and the vessel 
containing the solution shall be placed in a water bath maintained at 70® C. for 15 
minutes, or until the solution has reached 70® C. It shall then be taken out of the 
bath wd allowed to cool, and the solution shall be filtered, the phosphomolybdate 
precipitate l^ing washed several times by decantation and finally on the paper with 
I per cent nitric acid solution. The filtrate and washings shall be mixed with more 
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molybdic acid solution and allowed to stand for some hours in a warm place in 
order to ascertain that the whole of the phosphoric acid has been precipitated. The 
phosphomolybdate precipitate shall be dissolved in cold 2 per cent ammonium solu- 
tion and about 100 cc. of the ammonia solution shall be used for the solution and 
washings. The solution shall be raised to the boiling point, the beaker removed 
from the burner, and 15-20 cc. of magnesia mixture, or an excess of such mix- 
ture, i. e,, more than sufficient to precipitate all the phosphoric acid present, shall 
then be added drop by drop, with constant stirring. The stirring shall be continued 
at intervals so long as the liquid remains very warm. After standing at least 4 
hours with occasional stirring, the precipitate shall be filtered off, washed with 2 
per cent ammonia solution until free from chloride, dried, and finally weighed as 
magnesium pyrophosphate. The filtrate and washings should not exceed 200 cc., 
and are to be tested by the addition of more magnesia mixture. 

WATER-SOL. ITBlii: PHOSPHORIC ACID 

4 REAGENT 

Ammonium citrate solution . — 110 grams of pure citric acid shall be dissolved in 
water, the solution treated with 400 cc, of 24 per cent ammonia (sp. gr. 0.9135) 
and then diluted to i liter. 


5 PREPARATION OF SOLUTION 

Twenty grams of the sample shall be continuously agitated for 30 minutes in a 
liter flask with 800 cc. of water at room temperature. The flask shall then be filled 
to the mark and shaken, and the contents shall be filtered. 

6 DETERMINATION 

(A) 50 cc. of the filtrate under 5 shall be boiled with 20 cc. of concentrated 
nitric acid, and the phosphoric acid shall be determined by the molyWate method 
prescribed in par. 3. In the case of fertilizers in which the proportion of phosphoric 
acid soluble in water is small, a larger quantity of the filtrate prepared as above 
shall be taken. 

(B) Alternative method . — 50 cc* of the filtrate under 5 shall be boiled with 
20 cc. of concentrated nitric acid and cooled, and the excess of acid shall be neutra- 
lized with ammonia; 50 cc. of ammonium citrate solution shall be added and the 
mixture raised to the boiling point. Magnesia mixture shall then be added in the 
manner prescribed in par. 3. 

ClTRIC-AClD S01«rBL.E PHOSPHORIC ACID 
7 PREPARATION OF SOLUTION 

Five grams of the sample shall be transferred to a stoppered bottle of about 
1 liter capacity ; 10 grams of pure crystallized citric acid shall be dissolved in water, 
the volume shall be made up to 500 cc., and the solution shall be added to the 
weighed portion of the sample in the bottle. To lessen the possibility of caking, 
the portion of the sample in the bottle may be moistened with 5 cc. of alcohol* or 
methylated spirit, before the citric acid solution is added; and in that case the 
volume of the citric acid solution shall be 495 cc. instead of 500 cc. The bottle 
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shall be at once fitted into a mechanical shaking apparatus and shall be continuously 
agitated during 30 minutes. The solution shall then be filtered through a large 
“folded” filter, the whole of the liquid being poured on the paper at once. If not 
clear, the filtrace shall be again poured through the same paper. 

S DETERMINATION 

Fifty cubic centimeters of the filtrate under 7, shall be taken, and the phos- 
phoric acid shall be determined by the molybdate-magnesium method prescribed in 
par. j. 


p lNSOL.lTBI.IS PHOSPHORIC ACID 

The quantity of water-soluble phosphoric acid, as determined in par. 6, shall 
be deducted from the quantity of total phosphoric acid, as determined in par. 3, and the 
difference, if any, shall be taken as the quantity of insoluble phosphoric acid. 

The methods described for Great Britain are official also for Ireland' 
and New Zealand.^ The methods in use in Canada and India’* are essen- 
tially the same as those adopted as official by the Association of Official 
Agricultural Chemists. 


Germany 

Verband Landwirtschaftlicher Versuchs-Stationen im Deutschen Reiche* 


TOTAI. PHOSPHORIC ACID 

/ PREPARATION OF SOLUTION 

(a) Raw phosphates , — In case of raw phosphates and other substances not 
containing disturbing quantities of organic matter, moisten 5 grams with some 
water and then heat with not more than 50 cc. of concentrated sulfuric acid, fre- 
quently shaking, until completely decomposed. (Solution in sulfuric acid with the 
addition of nitric acid is also permissible, the nitric acid being for the most part 
boiled off again.) Dilute with water, bring the cloudy solution to 500 cc. after it 
has cooled, and filter. Do not consider the volume of the undissolved matter. De- 
termine the phosphoric acid in the filtrate by the Lorenz molybdate method, as di- 
rected under 14, p. 201, using 10 cc. of the filtrate, equivalent to 0.1 gram of material* 

(b) Guanos, bone meals, and fish wpa/r.— Bone meals, guanos, fish meals and 
other substances with rather large quantities of organic matter are best dissolved 
by the Kjeldahl procedure, with the addition of mercury, in order to determine 
both nitrogen and phosphoric acid. To obtain a reliable average sample in the case 

^Statutory Rules and Orders No. 146, 8>io (1910). 

*New Zealand Gazette, No. 72, 29178 (1928). 

*Agr. Research Inst., Pusa, Bull., 164 , 2, (1926). 

^Landw. Vers.-Stn,, 99 , 337 (1917)* 
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of raw bone meal, fish gnano and similar materials, take 10 grams and determine 
the phosphoric acid by the Lorenz molybdate method, as directed under 14, p. 201, 
or by the citrate method as directed under 5, p. 199. 

Shortly before filling to the mark add i cc. of saturated sodium chloride solu- 
tion' to precipitate the mercurous ions when determining phosphoric acid by the 
citrate method. (Solution in sulfuric acid with the addition of some strong nitric 
acid, which is for the most part again boiled off, is also permissible. Too much 
sulfuric acid should not be used for the Lorenz molybdate and citrate methods. 
In the Lorenz molybdate method the solution should contain about i cc. of con- 
centrated sulfuric acid and in the citrate method it must be considered that the 
quantity of ammonia contained in 100 cc. of ammonium citrate solution, produced 
without any loss of ammonia, neutralizes 15.9 grams, equivalent to 8.6 cc. cd con- 
centrated sulfuric acid.) 

(c) Thomas phosphate meals. — Moisten 10 grams with some water and heat 
with 50 cc. of concentrated sulfuric acid until completely decomposed. Add water 
before the solution is completely cool, shake the hot solution sufficiently to dis- 
integrate any crusts present, cool, and dilute to 500 cc., disregarding the insoluble 
matter. Do not wait too long before filling to the mark and mixing, otherwise it 
w’ill be difficult to distribute uniformly the more concentrated solution enveloped 
by the precipitate. Determine the phosphoric acid in 50 cc. of the solution by the 
citrate method, as directed under 5, p. 199, but use 100 cc. of the ammonium citrate 
solution instead of 50 cc. Since complete precipitation is obtained with more diffi- 
culty than in the case of superphosphate soluticms, stir or .shake vigorously and take 
care especially that the citrate solution does not have too small an ammonia content. 


2 RL'ACENTS 


1^0 

(u) Sulfate-molybdate solution — Pour 4500 cc. of nitric acid (sp. gr. 1.40 

over 500 grams of ammonium sulfate contained in a 10 liter c>linder w’hich is not 
too narrows or in a bottle with a wide mouth and a mark at 10 liters volume, and 
stir with a strong glass rod. (Complete solution of the .salt is unnecessary.) Pour 
about 4 liters of boiling hot water over 15(X) grams of comminuted ammonium 
molybdate in a porcelain dish. (The molybdate dissolves very quickly on stirring.) 
Cool the solution to room temperature, pour a thin stream into the ammonium sul- 
fate-nitric acid mixture while stirring, cool, fill to 10 liters w’ith water, mix, filter, 
and preserve the finished reagent in a glas.s-stoppercd, browui glass bottle in a dark, 
cool place. Let stand about 2 da>s to separate any possible phosjdioric acid in the 
reagents. 


^5 

(b) Nitric acid, sp. gr. 1.20 (i.ig-i.Ji ). — Nitric acid of this concentration 

is a customary article of commerce. It can be made by mixing 500 cc. of nitric acid 
(sp. gr. 1.40) with 700 cc. of water. 

(c) Nitric acid, containing sulfuric acid. — Pour 30 cc. of sulfuric acid (.sp gr. 

1.84 jp) into I liter of nitric acid (sp. gr. t. 20 “o» 1.19-1.21) and mix. 

(d) Two per cent aqueous solution of pure ammonium nitrate — If the solu 
tion does not have a slightly acid reaction, acidify very slightly with nitric acid. 


* Z. angew. Chem., 1 £ 94 , 078. 
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(e) Acetone . — The ordinary commercial Acctonnm purissimum is satisfactory. 
It should be kept in brown glass bottles. Chemically pure acetone boils at 56.3° C. 

and has a density of 0.7971 . Acetone to be used in the Lorenz molybdate 

method must give a clear mixtiire with an equal volume of water, have a neutral 
reaction, contain no fractions boiling above 60° C., and satisfy the following tests 
for the absence of appreciable quantities of water, ammonia and aldehyde. The 
acetone must at most give only a very pale blue color to dehydrated copper sulfate 
upon shaking, otherwise it must be shaken with potassium carbonate and then re- 
distilled. A moistened strip of red litmus paper held in place by the stopper of the 
acetone bottle and hanging in the space above the acetone must not turn blue in the 
course of some time, otherwise the acetone must be shaken with finely powdered 
oxalic acid and redistilled. To test for aldehyde, heat 10 cc. of acetone’ with 5 cc. 
of ammoniacal silver solution for 15 minutes in a water oven. The liquid must not 
assume a brownish color. 

To recover the acetone easily collect it separately in filtering, receive in a brown 
glass bottle, and distil, using a good still head; owing to its inflammalnlity, avoid 
doing the distillation over an open flame. (The fractions passing over from 55" 
to 60° C. are again usable as wash fluid if they are sufficiently free from w'ater.) Dis- 
card the fractions below 55° C. Collect the residues at 60'’ C. in a brown glass bottle 
and add potassium carbonate to extract the water. Separate the aqueems layer and 
repeat the procedure until the potassium carbonate does not completely dissolve. Pour 
off the acetone, shake with finely powdered oxalic acid until it has a slightly acid re- 
action in order to combine with the ammonia which forms from the ammonium 
nitrate, and filter. Then distil the filtrate as described above. Discard the residue 
from this distillation. 

3 DETERMINATION 

(Lorcnc Molybdate Method) 

Proceed as described under 14, p. 201. 


4 REAGENTS 

(a) Ammonium citrate solution . — Make a citric acid solution containing 800 
grams of crystallized citric acid in i liter. To 1.25 liters of this solution in a 10 

liter bottle add about 4 liters of water and 3.5 liters of ammonia (sp. gr. 0,91 

After cooling bring the volume to 10 liters with water. (The addition of the am- 
monia should be made slowly and with cooling so that loss of ammonia is avoided 
as much as possible. Too small an ammonia content is a source of error.) A 
citrate solution, produced and stored without loss of ammonia, contains 100 grams 
of crystallized citric acid and 7.96 grams of total ammonia, equivalent to 6.55 grams 
of nitrogen per liter. Of this quantity 5.53 grams, equivalent to 4.54 grams of 

nitrogen, is free ammonia. To test, dilute 25 cc. of the ammonium citrate solution 

(preferably measured in a volumetric flask) to i liter and use 50 cc. for an am- 
monia determination. This quantity (50 cc.) corresponds to 1.25 cc. of the original 

citrate solution. In case all losses have been avoided, it should contain 0.0818 gram 
of ammoniacal nitrogen. 


Merck's Chemitd Reagents, Their Purity and Tests, Merck & Co., New York, 1914, p. i. 
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(b) Magnesia mixture . — Dissolve 550 grams of crystallized magnesium chlo- 
ride, 700 grams of ammonium chloride, and 2.5 liters of ammonia (sp. gr, 0.96 — ) 

in water to a volume of 10 liters. If it is considered desirable, use the non-hygro- 
scopic double salt, magnesium ammonium chloride, instead of the deliquescent niag- 
nesium chloride, as proposed by Loges,' with a corresponding decrease in the quan- 
tity of ammonium chloride. As a matter of precaution test the magnesium content 
of the double salt. 


.5 nr.TKRMl NATION 
{Citrate Method) 

To 50 cc. of solution prepared as directed under I (b) or i (c), and equiva- 
lent to I gram of material, add 50 cc. of ammonium citrate solution and then 25 cc. 
of magnesia mixture. Add the magnesia mixture quickly and mix the solution at 
once by stirring or shakinj^. Stir or shake 30 minutes to separate the precipitate 
completely and continue the determination as directed under 5, p. 199. 

6 WATl<]R-i$OLl iH.K PHOSPHORIC ACID 

Place 20 grams of superphosphate in a Stohmann liter flask (Fig. 12) or 10 
grams in a Stohmann half-liter flask, fill to the mark with water, and shake in a 
rotating machine making 30-40 revolutions per minute for 30 minutes at room tem- 
perature. Filter the liquid immediately. 

In the case of a double superphosphate, use the same quantity, fill the flask 
almost to the mark, and let stand 24 hours, shaking at frequent opportune moments. 
Then fill to the mark, shake, and filter. Determine the phosphoric acid in the fil- 
trate by the citrate method, as directed under 5. 

In the case of superphosphates and double superphosphates containing more 
than 20 per cent of phosphoric acid, take 25 cc. of the solution, equivalent to 0.5 gram 
of material, but use the same quantities of reagents. To convert the pyrophosphoric 
acid in double superphosphates into precipitable orthophosphoric acid, boil 25 cc. of 
the solution 10 minutes with 10 cc. of nitric acid, sp. gr. 1.40. After the addition 
of the ammoniacal citrate solution add a quantity of ammonia equivalent to the 
nitric acid and then proceed as with the ordinary superphosphates. 

citrates-soluble: phosphoric acid 

The citrate-soluble phosphoric acid of superphosphates and superphosphate 
mixtures should be determined according to Petermann's method, p. 200, and must 
be stated, upon demand. The sum of the water-soluble and citrate-soluble phos- 
phoric acids must not be termed citrate-soluble. 


^ Chem. 8 , 174.1 (1884). 
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7 reagent 

Petermann’s ammonium citrate solution . — The following directions for the 
preparation of ammonium citrate solution arc more easily and accurately carried 
out than the original direction of Petermann.' 

For each liter of the solution to be made, dissolve 173 grams of pure, non- 
defloresced, crystallized citric acid and add, slowly and with cooling, sufficient aque- 
ous ammonia, the concentration of which has been ascertained by titration, to give 
42.0 grams of ammoniacal nitrogen per liter of the final solution. The ammonia 

15° 

required is 563.9 cc. (sp. gr. 0.960 since this contains 78.22 grams of ammon- 
iacal nitrogen per liter. Cool to 15® C. and fill to the required volume with water 

of 15® C. temperature. The specific gravity of the solution is 1.082 to 1.083 
^ Landw. Vers Stt 60 , -241 ( 1904 )- 
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Determine the nitrogen content as well as the specific gravity as a control of 
the final solution. Dilute 25 cc. to 250 cc. and take 25 cc., equivalent to 2.5 cc, of 
the original solution. This must contain 0.1050 gram of nitrogen. 

8 determination 

Proceed as directed under 8, p, 200, but determine phosphoric acid (PsOs) in 
the citrate-soluble extract only. 

CITRIC AC1D-SOI.IJBI.K PHOSPHORIC ACID 

9 preparation of solution 

Place 5 grams of Thomas phosphate meal in a dry 500 cc. Stohmann flask, the 
neck of which should have at least a 2 cm. internal diameter and extend at least 
8 cm. beyond the mark. Pour 2 per cent citric acid at 17.5° C. upon the sample, 
fill to the mark, and shake exactly 30 minutes in a rotating apparatus making 30-40 
revolutions per minute. Filter immediately at the expiration of this time. Although 
the Lorenz molybdate method has proved reliable, determine the phosphoric acid 
(PaOn) in the filtrate, for the present, by the ferric citrate method as described 
under //. If difficulties are encountered in this method, use the hydrochloric acid 
method with separation of silicic acid, as directed under u. 

By 2 per cent citric acid is meant an aqueous solution containing 2 parts by 
weight of crystallized citric acid per 100 parts by volume of the solution. 

First prepare a stock solution of five times the strength, i. e., a 10 per cent solu- 
tion in the sense mentioned, by dissolving i kg. of chemically pure, crystallized, 
non-defloresced citric acid in water and diluting this solution to 10 liters. (The 
solution can be preserved by the addition of 5 grams of salicylic acid.) Test for 
the acid concentration of this stock solution. 

Dilute 50 cc. of the stock solution to 500 cc. and take 50 cc., corresponding to 
0.5 gram of citric acid. Titrate this with the standard alkali used in nitrogen de- 
termination, using phenolphthalein as indicator. (Since citric acid, GHgOt HaO, 
has the molecular weight 210. ii and neutralizes 42.03 nitrogen, and both figures are 
almost exactly in the ratio 5:1, the quantity of crystallized citric acid contained in 
I liter of the stock solution is the same numerically as the quantity of nitrogen, ex- 
pressed in milligrams, equivalent to the standard alkali solution used for the neu- 
tralization. ) 

Example: i cc. of standard alkali solution is equivalent to 2.532 mg. of nitro- 
gen. For neutralization of 50 cc. of the citric acid, diluted as stated, 39.5 cc. was 
used. One liter of the stock solution therefore contains 2.532 X 39-5 == 100.0 grams 
of crystallized citric acid, which is as it should be. 

Dilute I part by volume of the stock solution with water to 5 parts by volume 
and thus obtain the 2 per cent citric acid. 

10 REAGENTS 

(a) Ferric citrate solution , — Place 1.25 liters of citric acid solution containing 
800 grams per liter in a glass bottle provided with a mark at the 5 liter level. (This 
bottle should not be too sensitive to temperature changes.) Dissolve 30 grams of 
ferric chloride (tmdecomposed, easily soluble to a clear solution) in about 50 cc. 
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of water, warm slightly, pour the solution into the citric acid, and rinse with a 
little water. Add very slowly and with vigorous stirring and cooling, 3.5 liters of 
15® 

ammonia (sp. gr. 0.91 f^o)* 

The ferric citrate solution contains in one-half the volume the same quantities 
of citric acid and ammonia as the ammonium citrate solution described under 4 (a). 
To test, proceed exactly as stated there except to use 25 cc. per liter, instead of 
50 cc., of The diluted solution, which is equivalent to 0.625 cc. of the original ferric 
citrate solution. With all loss of ammonia avoided, these solutions should contain 
the same quantities of ammonia as stated under 4 (a). 

(b) Hydrogen peroxide . — Dilute 100 cc. of 30 per cent Perhydrol Merck to i 
liter. (The preservation of the solution is improved by the addition of 5 cc. of 
alcohol.) A solution of equal effectiveness can be made from sodium perborate. 
Dissolve about 150 grams of sodium perborate and 60 grams of citric acid in suffici- 
ent water to make 1 liter, but first find the correct quantity of sodium perborate by 
titration of a test solution. To aid in the preservation of the solution, add 5 cc. 
of alcohol (50 cc. of the solution, ready for use, when evaporated to about 10 cc., 
must not .show any cloudiness, even on prolonged standing, after the addition of 
some ammonium chloride, ammonia and magnesia mixture). Determine the content 
iodometrically or by means of titanous chloride. 

II determination 
(^Ferric Citrate Method) 

To 50 cc. of the solution, prepared as described under 9, and equivalent to 0.5 
gram of material, add 25 cc. of ferric citrate solution, i cc. of 3 per cent hydrogen 
peroxide, and 25 cc, of magnesia mixture in the order named and stir or shake 30 
minutes. The precipitate may be filtered immediately or after standing several 
hours. Complete the determination as directed under 5. 

72 determination 
{Hydrochloric Acid Method) 

Evaporate almost to dryness on the water bath 100 cc. of the citric acid extract, 
under 9, with the addition of about 5 cc. of 25 per cent hydrochloric acid. Take up 
the residue with about 2 cc. of 25 per cent hydrochloric acid, disintegrate the silicic 
acid by rubbing with a rubber wiper, and wash into a 100 cc. flask. Then bring the 
liquid to a boil, cool, fill to the mark, and filter. Use 50 cc. of the filtrate, equivalent 
to 0.5 gram of material, for the phosphoric acid determination and proceed as di- 
rected under 5. 

MEICHANICAI. ANAI^YSIS OF THOMAS PHOSPHATE! MFAI. 

Place 50 grams of Thomas phosphate meal on a sieve with a surface of not 
less than 20 cm. diameter and made from wire mesh No. 100, made by Amandus 
Kahl, Hamburg (smooth mesh). Shake the sample 15 minutes by hand or in a 
shaking machine and weigh the coarse meal remaining on the sieve. 
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Vcrein Dcutscher Diingcr Fabrikanten'^ 

TOTAL PHOSPHORIC ACID 

I preparation of solution 

(a) Rock phosphates , — Pour 50 cc. of aqua regia over 5 grams of the finely 
ground material in a 500 cc. flask and evaporate approximately to the consistency 
of a sirup in order to render the silicic acid insoluble. Take up the residue, which 
after cooling should have almost solidified but not have become dry, with 10 cc. of 
nitric acid (sp. gr. 1.2) and 50 cc. of water. After cooling fill to 500 cc. and filter. 
Determine the phosphoric acid in the filtrate by the mol\bdate-magncsium method 
only, as directed under 

(b) Superphosphates . — Boil 10 grams of superphosphate 30 minutes with about 
100 cc. of water and 50 cc. of sulfuric acid (sp. gr. 1.4). Cool, and fill to 500 cc 
Determine phosphoric acid in the filtrate by the citrate method as directed under 5. 

(c) Guanos, bone meals and fish meals — Dissolve the material as in the pro- 
cedure prescribed under the analysis of rock phosphates. Determine the phosphoric 
acid in the filtrate by the citrate method, as directed under 5 (Ignition and ashing 
of the sample before solution is not recommended since it causes losses in most 
cases.) 

(d) Precipitated phosphates . — Dissolve according to the directions under rock 
phosphates. Determine the phosphoric acid by the citrate method as directed 
under 5. 

(e) Thomas phosphate meals . — Sieve Thomas slag meals that contain coarse 
particles through a 2 mm. sieve and crush the coarser particles on the sieve by the 
application of slight pressure. If there is still a residue, weigh it and exclude it 
from the analysis and consider it as a worthless constituent. 

Add a few cc. of dilute sulfuric acid (1+2) to 10 grams of phosphate meal 
and shake well. After adding 50 cc. of concentrated sulfuric acid warm the mix- 
ture until thoroughly decomposed, add water before thoroughly cooled, shake as 
much as necessary to disintegrate any crusts present or boil again, cool, and dilute 
to 500 cc., disregarding any undissolved material. Do not delay too long in filling 
to the mark and mixing as there may then be difficulty in distributing uniformly 
the concentrated solution that becomes enveloped by the undissolved matter. De- 
termine phosphoric acid in 50 cc. of the filtered solution (corresponding to i gram) 
according to the citrate method, under 3, using, however, 100 cc. of ammonium 
citrate solution instead of 50 cc. Since the precipitate is less easily separated out 
completely than in the case of superphosphates, stir vigorously and take special care 
that the ammonia content of the citrate solution is not too small. 

(f) Ignited phojfphates . — Carry out the determination of total phosphoric acid 
as in rock phosphates. 


2 REAGENTS 

(a) Aqua regia . — Mix 3 parts of hydrochloric acid (sp. gr. 1.12) and i part 
of nitric acid (sp. gr. 1.2). 

’ Methoden *ur Untersuchung der Kunstdtingemittel. 6th ed. Verein Deutscher Dunger- 
Fabrikanten* Braunschweig, 1925. 
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(b) Molybdate solution. — Gradually introduce 150 grams of finely powdered 
ammonium molybdate into approximately 400 cc. of hot water. After cooling dilute 
to I liter and slowly add with shaking 1 liter of nitric acid (sp. gr. 1.2). Let stand 
24 hours, filter, and preserve in the dark. 

(c) Magnesia mixture. — Dissolve 55 grams of magnesium chloride (MgCU. 
6HaO) and 70 grams of ammonium chloride in water, add 250 cc. of ammonia (sp. 
gr. 0.96), and dilute to i liter. 

(d) Wash water for the molybdate precipitates. — Bring 32 cc. of nitric acid 
(sp. gr. 1.2) and 50 grams of ammonium nitrate to i liter by solution in water. 

^5 P^'r cent ammonia. — Dilute 100 cc. of 25 per cent ammonia (sp. gr. 
0.91) to I liter with water. 


DKTKRMINATION 

(M olyhdate -Magnesium M ethod ) 

Precipitation of the yellozo molybdate precipitate. — Add an abundance of molyb- 
date solution (at least 100 cc. for each 0.1 gram of P2O5) to 50 cc. of the filtered 
solution prepared as directed under / (a) and digest an hour at 50° C. on a water 
bath. Allow to stand a sufficiently long time and filter thnmgh a small, dense filter 
paper. Test the filtrate by the addition of more molybdate solution, warming to 
50' C., and allowing it to stand for 12 hours to sec that precipitation is complete. 
Wash the precipitate by repeated decantation with the wavSh water, 3 (d), until a 
reaction for lime is no longer given. Make the test for lime by adding a little sul- 
furic acid and 2 cc. of alcohol to i cc. of the wash water; the presence of lime is 
shown by a precipitate or cloudiness. Five decantations with 20 cc. of wash liquid 
are usually sufficient. 

Solution of the yellow precipitate. — Dis.solve the residue in the beaker with 
80-100 cc. of 2.5 per cent ammonia and pour through the filter. Dissolve any precipi- 
tate remaining in the filter by washing with ammonia. Finally wash the beaker and 
filter with hot water. 

Precipitation with magnesia mixture. — Heat the solution of the yellow precipi- 
tate, which should not exceed a volume of 150 cc., until bubbles just begin to pass 
off, and precipitate immediately by adding 20 cc. of magnesia mixture dropwise with 
constant stirring. Let stand at least 4 hours, filter, and wash with 2.5 per cent am- 
monia until a reaction for chlorine is no longer shown. Gooch or Neubauer cruci- 
bles are preferable to filter papers. 

Ignition and weighing. — Dry the filter and precipitate, place in a weighed plati- 
num crucible, ash carefully in such a manner that the filter chars without giving a 
flame, then ignite several minutes over a burner giving an intensive flame, but not 
over a blast. (An electric furnace at 1100° C. is most satisfactory.) After cooling, 
weigh. Repeat the ignition until constant weight is reached. Make sure that the 
ignited precipitate is entirely white by crushing it. 

Factors for the calailation: 

MgaPzOT X 0.6379 = PaO*; P2O5 X 2.184 = Ca3(P04)a. 

4 REAGENTS 

(a) Ammonium citrate solution. — Add a little water to 100 grams of pure citric 
acid and dissolve slowly and with cooling by the addition of 350 cc. of 25 per cent 
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ammonia liquor (sp. gr. 0.91). Cool, and bring to i liter with water and filter be- 
fore use. 

(b) Magnesia mixture. — Prepare as directed under 2 (c). 

5 DKTERMI NATION 

(Citrate Method) 

To 50 cc. of the solution prepared as directed under i (b)j i (r), i (d) or 
I (e) (or 25 cc. if it contains more than 20 per cent PaOa) add 50 cc. of the am- 
monium citrate solution and 25 cc. of magnesia mixture. Stir for 30 minutes in the 
beaker, and filter after settling. Add the 25 cc. of magnesia mixture rapidly and 
with stirring. Filter, wash, ignite, and weigh the precipitate as directed under 3 
for the molybdate-magnesium method. 

^ WATE:R-soiir»L.c: phosphoric acid 

(a) Superphosphates. — Make an aqueous extract by placing 20 grams of super- 
phosphate in a liter flask, adding 800 cc. of water, and shaking continuously and 
strongly for 30 minutes ; then bring to the mark with water, shake the whole liquid 
well, and filter. (Machines that are driven by hand or motor may be used for 
shaking, and 150 alternations per minute for shaking machines or 30-40 revolutions 
per minute for rotational machines are recommended. The flask may be filled to 
the mark immediately when a rotational machine is used.) Determine the phos- 
phoric acid by the citrate method as directed under 5. In the case of double super- 
phosphates make the following modifications: 

Prepare the extract by allowing 20 grams to stand in contact with about 800 cc. 
of water in a liter flask for 24 hours, shaking frequently during this period, filling 
to the mark, and filtering. Boil 25 cc. of this filtrate with 10 cc. of concentrated 
nitric acid (sp. gr. 1.4) for 10 minutes to convert any pyrophosphoric acid present 
into orthophosphoric acid. After the addition of the ammonium citrate solution, 
add a quantity of ammonia liquor equivalent to the addition of the nitric acid. 

(b) Guanos, bone meals and fish meals. — Determine the water-soluble phos- 
phoric acid according to the directions given in (a) for the determination of water- 
soluble phosphoric acid in superphosphates. 

CITRATR-SOI4UBLE: PHOSPHORIC ACIDi 

7 REAGENTS 

Petermann's ammonium citrate solution, original directions, — Dissolve 500 grams 
of citric acid in ammonia (sp. gr. 0.91) to neutral reaction, for which about 700 cc. 
ammonia is necessary (indicator: rosolic acid). Cool, and bring to the specific 
gravity of 1.09 at is"* C., then add 50 cc. of ammonia (sp. gr. 0.91) per liter and, 
after allowing to stand 48 hours, filter. (The specific gravity of the final solution 
is 1.082-1.083.) 

Directions of the Verhand landwirtschaftlichcr Versuchsstationen. — See par. 7, 
p. 194. 

* This procedure gives the available, watcr*solub!e plus citrate-.soluble, phosphoric acid. 
(Authors). 
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8 determination 

(a) Superphosphates . — Grind 2.5 grams of the dry superphosphate or am- 
monium superphosphate in a small mortar, then grind further after the addition of 
20-25 cc. of water. Decant the liquid upon a filter paper and filter into a 250 cc. 
flask. Treat the residue in the mortar three more times in the same manner. Take 
special care when grinding with the water to grind vigorously and continuously 
until the material becomes a fine powder, which no longer grates. Place the residue 
upon the filter and wash with water until the filtrate is about 200 cc. If the filtrate 
is cloudy, add a few drops of nitric or hydrochloric acid and fill to 250 cc. Place 
the filter with the residue in a 250 cc. flask w'ith a wfidc neck and shake with 100 cc. 
of Petermann^s ammonium citrate solution until the filter has been completely dis- 
integrated. Stopper the flask while so doing and keep closed until the digestion is 
complete. Allow the Petermann solution to act either 15 hours at room temperature 
and then an hour on the water-bath at 40° C., or 4 hours at 40“ C. Shake the flask 
about every 15 minutes during the digestion on the water-bath. After cooling, fill 
to the mark with water and filler. For the analysis mix 50 cc. of the aqueous solu- 
tion wdth 50 cc. of the solution obtained by the action of Petermann’s solution and 
then proceed by the molybdate-magnesium method or by the citrate method. Pre- 
cipitation by the citrate method is done as proposed by Ncubauer by the addition 
of 25 cc. of a solution containing 55 grams of crystallized magnesium chloride, 70 
grams of crystallized ammonium chloride, 61.6 grams of crystallized citric acid, and 
625 cc. of ammonia (sp. gr. 0.91), Allow the precipitate to stand after stirring, 
preferably overnight. 

(b) Precipitated phosphates . — The valuation of precipitated phosphates is 
based mostly on their citrate-soluble pho.sphoric acid content. Grind i gram of pre- 
cipitated phosphate with Petermann's citrate solution in a mortar, and wash into 
a 250 cc. fla.sk. Do not use more than 100 cc. of the citrate solution for grinding 
and transferring. Allow to stand 15 hours at ordinary temperature with shaking, 
then digest i hour at 40° C. on the water-bath, fill to the mark with water after cool- 
ing, and filter. Boil 50 cc. of the filtrate 10 minutes with 10 cc. of concentrated 
nitric acid. Precipitate the phosphoric acid by the molybdate-magnesium method or 
by the citrate method. In the citrate method neutralize approximately with am- 
monia, add 15 cc. of Petermann’s solution and 10 cc. of ammonia (sp. gr. 0.91), and 
precipitate with 25 cc. of magnesia mixture, as in the citrate method described 
under 5. (A rotation for 3 hours has proved in most cases equivalent to the 15 
hours’ digestion. With many precipitated phosphates of dense character, even this 
is not sufficient to dissolve all the dicalcium phosphate. In such a case a 7 hour 
digestion on the water-bath at 40° C. without preliminary rotation may alone be 
considered reliable.) 

(c) Rhenania phosphates.— 2.5 grams of Rhenania phosphate in a dry 
Stohmann flask and add 250 cc. of Petermann’s solution, then either (i) shake an 
hour with 30-40 turns per minute in a rotational shaking machine, or (2) place in 
a water-bath at 40° C. for 4 hours, shaking once every half hour. Then cool to 
room temperature. Pour the solution from (i) or (2), without previously dilut- 
ing, through a dry filter into a dry vessel. Boil 50 cc. of the filtrate, corresponding 
to 0.5 gram of material, for a few minutes with 50 cc. of water and 20 cc. of con- 



OFI^ICIAL METHODS 


201 


centrated sulfuric acid. Determine the phosphoric acid by one of the usual pro- 
cedures, best by the Lorenz molybdate method; (i) and (2) give results which agree. 

CITRIC ACID-80MTB1.K PHOSPHORIC AC ID 

9 preparation of SOEI^TION 

Thomas phosphate meals and ignited phosphates. — Place 5 grams in a dry Stoh- 
mann half-liter flask, the neck of which should be at least 2 cm. internal diameter 
and the length at least 8 cm. beyond the mark, add 2 per cent citric acid (17.5° Be.) 
to the sample, filling to the mark, and rotate exactly 30 minutes in a rotational ma- 
chine that makes 30-40 turns a minute. Filter immediately through a dry filter into 
a dry vessel. In the case of Thomas phosphate meals determine the phosphoric acid 
in the filtrate by the ferric citrate method but use the hydrochloric acid method in 
referee cases. In the case of ignited phosphates determine the citric acid-soluble 
phosphoric acid by the Lorenz^ molybdate method, under /-/, as carried out by Neu- 
bauer-Lucker, since the ferric citrate method may fail, owing to the high silica 
content. 

JO reagents 

(a) Ferric citrate solution. — Prepare as described under 10 (a), p. 195. 

(h) Hydrogen peroxide solution, ,? per cent . — Prepare as described under 
/(» (/)), p. 196. 

(c) Magnesia solution — Prepare as described under 2 (r). 

11 determination 
{Ferric Citrate Method ) 

Proceed as directed luider ii, p. 196. 

12 determination 
{Hydrochloric Acid Method) 

Proceed as directed under 12, p. 196. 

13 reagents 

Prepare as directed under 2 {a) to 2 (c), pp. 191-2. 

14 detfoimination 
{Lorens Molybdate Method) 

The phosphate solution should amount to 50 cc., and contain 0.08-1.5 cc. of free 
concentrated sulfuric acid (sp. gr. 1.84) ; 10-20 grams of free nitric acid, corre- 
sponding approximately to 25-50 cc. of nitric acid (sp. gr. 1.40) ; not more than 
0.050 gram P^Os; not more than 0.5 gram of hydrochloric acid; i gram of citric 
acid ; i gram of ammonium salts ; 0.5 gram each of sodium salts, potassium chloride, 
iron oxide, alumina, magnesia, manganese salts and calcium salts; 5 grams of po- 
tassium nitrate; and i gram of pota.ssium sulfate. Larger quantities of sulfates 
cause the results to be too low. 

^ Landw . Vers .^ Sta ., 65 , 183 (1901); 89 , 342 (1917); Z , anal . Chern ., 61 , i6i (1912). 
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Fertilizer solutions prepared in the usual manner and of which only I0*20 cc. 
is used always contain less than the maximum quantities ^iven above and hence 
offer no difficulties. 

Measure out into a beaker holding about 250 cc., 10-20 cc. — according to the 
PjOs content — of the solution prepared in the customary manner. To get accurate 
delivery, carefully calibrate and provide the pipet with arms of small diameter and 
a fine tip. Bring the volume to 50 cc. with the sulfuric acid-nitric acid mixture in 
case the phosphate was not dissolved with sulfuric acid, or with the diluted nitric 
acid (sp. gr. 1.19-1.21) if it was dissolved with sulfuric acid. Heat over a wire 
screen under a hood, without using a glass rod, until bubbles due to initial boiling 
appear; remove from the flame; shake with a rotary movement for a few seconds 
so that the walls of the vessel are no longer overheated ; pour immediately, from an 
approximately accurate measuring cylinder, 50 cc. of sulfate-molybdate reagent 
into the middle of the solution; and allow to stand covered. (If conditions permit 
a smaller volume, 25-30 cc. may be used and precipitated by an equal volume of the 
molybdate reagent, involving a saving of the latter. In order to obtain accurate re- 
sults it is only essential that the composition of the solution before precipitation 
correspond to the conditions prescribed when referred to a 50 cc. basis and that an 
equal volume of the molybdate reagent be used.) As soon as most of the pre- 
cipitate has settled, but at most after 5 minutes, stir vigorously with a glass rod for 
30 seconds. When large numbers of analyses are to be carried out, glass vessels 
that are somewhat smaller toward the top are perhaps more suitable in order more 
certainly to prevent the danger of spattering of the phosphoric acid solution by the 
nitric acid vapors upon boiling. On removing these vessels from the flame, shake 
with a rotary motion about 10 seconds in order to equalize any overheating, pour 
in the 50 cc, of sulfate-molybdate reagent rapidly and without touching the glass 
walls, let stand at most 5 minutes, and then shake vigorously with a rotary move- 
ment the prescribed 30 seconds instead of stirring with a rod. After 5-18 hours 
(if less than 3 mg. of PaOs is expected, after 12-16 hours) filter through a Gooch 
crucible with the help of a suction pump. 

Detailed instructions in regard to the crucible to be used and its handling arc 
as follows: 

After the liquid over the precipitate has run through, wash without delay at 
least 5 times with the 2 per cent ammonium nitrate solution, taking care that par- 
ticles of the yellow precipitate that adhere to the glass are brought into the crucible 
by means of a rubber-tipped stirring rod. Immediately fill the crucible once and 
then half fill it twice with acetone, sucking it off each time. Carefully wipe off the 
crucible externally and place it at once in a space with the highest vacuum possible, 
having in any event not more than a 150 mm. air pressure (see below for more 
detailed instructions). After allowing to remain at least 30 minutes in this space, 
weigh the crucible immediately or place, until weighed, in a desiccator containing 
a mixture of equal volumes of water and concentrated sulfuric acid. Multiply the 
weight of the ammonium phosphomolybdate, which contains 3.295 per cent of 
P2O5, by 0.0329s to obtain the phosphoric acid present. 

Check on the accuracy of the analyses,--Tht two salts, monopotassium phos- 
phate (KH2P04) and monoammonium phosphate (NH4H2PO4), are well suited as 
materials for a test of the accuracy of the results which is especially desirable in 
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the case of the Lorenz rnolybclatc method. Monopotassium phosphate contains 
52.175 per cent of PzOr; and monoammonium phosphate, 61.722 per cent of F^Os. 
Dry the salts in weiRhinj^ glasses at about 100° C. and then weigh out 6.3153 grams 
of KH2PO4, or 5.3385 grams of NH4FF2p04 . Dissolve the weighed salt in a stand- 
ardized flask and bring to 200 cc. Preserve the stock solutions in these flasks with 
close-fitting stoppers. Dilute 20 cc. to 200 cc. Then 20 cc. of this diluted solution 
contains 0.03295 gram of P2O11, and should give by this method 1.0000 gram of pre- 
cipitate. In order to proceed with certainty in this check, before making up the 
diluted solution the analyst may add the other constituents present in the solution 
that is being analyzed, e. g., a corresponding quantity of citric acid in the case of 
the determination of citric acid-soluble phosphoric acid. 

The crucible and iis treatment . — Lorenz recommends platinum Gooch crucibles 
with paper filters, and gives the following directions: 

The crucible is not provided with asbestos, but a circular disk of smooth, air- 
dry, not too dense, but ash-free and fat-free filter paper is placed upon the smooth 
liottom of the crucible ; it is cut so that it does not touch the walls of the crucible 
but sufficiently covers the openings in the bottom. The crucible, of which the weight 
with the filter paper disk is known, is placed in the usual manner in the filtering 
apparatus, which is connected with a water pump and provided with a lateral stop- 
cock, the disk is sucked dry by means of the pump, some water is poured on it 
and the molybdate precipitate is filtered through the crucible. The filter paper disk 
for the Gooch crucible is cut from Schleicher and Schull fat-free paper (No. 571) 
that is used for milk analyses and washed with nitric acid since it contains 0.6 per 
cent ash when unwashed ; this ash content, however, is not of much importance 
since the disk weighs only 30-70 mg. It is possible that other ash-free and fat-free 
papers may be just as or even more suitable. The correct degree of air-dryness of 
the filter paper disk is obtained by drying first for about i hour at about 105® C. 
and then letting it lie exposed to the air about 24 hours. It then contains about 
5 per cent of hygroscopic water and changes its weight from day to day with the 
prevailing humidity of the atmosphere, but only by a few tenths of a per cent, t. e., 
only a few tenths of a milligram, if the weight of the filter is less than o.i gram. 
The filter paper disks may be cut by the thousand to furnish a supply, and, after 
they have been given the preliminary treatment, may be weighed by the thousand, 
the weight being recorded on each disk with a lead pencil (the graphite streaks do 
not cause any perceptible change of weight). The Gooch crucible will last through 
hundreds of determinations without changing its lustrous appearance and is there- 
fore given a constant weight, and the weight of each filter disk is added for each 
analysis. 

Crucibles with a platinum sponge filter (Neubauer crucibles) are much more 
convenient. The weight of the empty crucible is the same whether it has been dried 
after treatment with acetone in the partially exhausted space, by warming, or by 
igniting. Previous to each filtration the dry precipitate is brushed out with a 
medium soft brush, and the last traces are removed by sucking a little dilute am- 
monia through the crucible and displacing this with water. The crucibles custo- 
marily do not change weight even after a week's use, and it is therefore sufficient 
to check the tare again only after about 10 filtrations. The rapidity of filtration, 
which decreases somewhat with time, can in most cases be restored by merely 
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igniting gently. If this treatment does not suffice, it is advisable to fuse an easily 
fusible mixture of potassium and sodium carbonates in the crucible until it pene- 
trates through the holes in the bottom, then boil the crucible with water, wash, and 
finally treat with some nitric acid. This operation and the ignition which is neces- 
sary from time to time must be carried out with extraordinary care so that the 
layer of sponge does not develop the slightest crevice, as otherwise cloudy filtrates 
are obtained immediately. If, however, a crack does appear in the layer of platinum 
sponge, the crack should be smeared with a little platinum black, contact with the 
rest of the filtering surface being avoided, and the crucible should then be ignited. 
Since the crucibles need only be ignited gently and occasionally, those of a platinum- 
gold alloy containing about 90 per cent gold and 10 per cent platinum, which are 
decidedly cheaper, may be ii.Ncd in place of the platinum crucibles. 

Vacuum era rat ion of the acetone . — Lorenz used a single pump for both fil- 
tration and evacuation, but it is more practicable to use a separate pump for the 
drying equipment. Since the precipitate only gives up with difficulty any moisture 
it has attracted from the air, it is advisable to place each precipitate which has been 
sucked dry immediately in the drying chamber, even though a short period of ex- 
posure to the air causes no appreciable error. Several crucibles, however, can be 
placed in the same vacuum chamber, but the vacuum must be again increased upon 
the introduction of each crucible. For continuous work on a large scale it is much 
more convenient and reliable to use a special vacuum apparatus,* as proposed by 
Soxhlet, which is so arranged that each crucible can be placed singly under a small 
glass cap which is linked with the pump and a common manometer as well as with 
the outer air. Drying should be at the highest vacuum obtainable. The precipitates 
on weighing must not smell of acetone. In cases of doubt drying should be con- 
tinued. 

Separate collection of the acetone . — ^To recover the acetone easily it must be 
collected separately in the filtration. Two filtering flasks, one of white glass for 
the aqueous filtrate and the other of brown glass for receiving the acetone, are 
used. The filter lube into which the crucible is placed with the usual rubber tubing 
is provided below with a ground edge which passes into the openings of both filter- 
ing flasks. This ground edge allows the glass tube with the crucible to be removed 
much more easily and quickly after admission of air and placed upon the other 
flask than if it were provided with a rubber stopper. Both filtering flasks are 
attached to the suction pump with rubber tubing through a three-way stopcock 
which permits connection of each flask with the pump and the outer air. The 
double sttetion flasks mentioned by Mach* may also be used advantageously for 
separate collection of the acetone. 

FREK PHOSPHORIC ACID 

The following methods are used for the determination of free phosphoric 
acid in superphosphates : 


‘ The firm of C. Gerhardt, Uonn, furnishes this equipment made entirely of glass, without 
any rubber or metal connections, for 8 crucible.s. 

* Chem. Zty., 37 , 651 (1913)- These flasks may be obtained in various sizes from Wagner 
and Muntz, Miinchen, Karlstr. 43 . 
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15 DETERMINATION 

(a) Titration method. — Dilute 50 cc. of the water-soluble phosphoric acid 
solution of the superphosphate, prepared as directed under 6 (a) with water to 
about 300 cc. and add 3 drops of methyl orange, or methyl orange indigo, as indi- 
cator. Titrate with 0.5 N sodium hydroxide solution, i cc. of which corresponds 
to 0.0355 gram of P2O5. 

T^repare the methyl orange by diluting 20 cc. of a solution containing i gram 
of the indicator per liter to i liter and the methyl orange indigo by diluting to the 
.same volume 60 cc. of a solution containing 1 gram of sodium indigo sulfate 
per liter. 

(b) Alcohol method. — Place 5 grams of the superphosphate in a 250 cc. fla.sk, 
fill to the mark with absolute alcohol, shake 30 minutes, and filter. Evaporate 50 
cc., corresponding to i gram, to dryness on a water bath ; take up the residue with 
hot water, filter into an Erlenmeyer flask, washing the residue on the filter; and 
titrate with 0.5 N sodium hydroxide, using 3 drops of methyl orange as indicator. 

mechanical analysis of THOMAS PHOSPHATE MEALS 

Proceed as directed under J^, p. 196. 

P'rance^ 

Commercial pho.sphatic materials are divided into five classes, as 
follows : 

1 . Mineral phosphates, composed of tricalcium phosphate, more or less 
mixed with calcium carbonate, silicious matters, iron and aluminum ox- 
ides, etc. 

2. Ground raw bone phosphate: degelatinized bone phosphate; hone 
black ; spent sugar-refinery black ; etc. 

3. Phosphates in such products as manure, dried powdered night soil, 
guano, etc. 

4. Chemically treated phosphates: bone or mineral superphosphates; 
precipitated phosphates ; ammonium magnesium phosphate. 

5. Phosfhatic slags produced in metallurgical processes. 

TOTAL PHOSPHORIC ACID 

/ PREPARATION OF SOLUTION 

(a) Class I materials. — Introduce 2 grams of the phosphate into a flask with 
10-15 cc. of hydrochloric acid and bring to boiling for 5 minutes, avoiding any 
desiccation. Then add 2 or 3 cc. of hydrochloric acid and dilute the solution with 
water, bringing the volume to exactly 200 cc. Mix; filter; take 100 cc., represent- 
ing 1 gram of material; and proceed for the determination of phosphoric acid by 
the citrate method as described under 3, or by the molybdate-magnesium method as 

* Methocles d'Analysc des Engrais. Ministire de F Agriculture. Pari.s. 1897. 
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described under 5. The citrate method, which is recommended, is based on the 
precipitation of phosphoric acid as magnesium ammonium phosphate in ammoniacal 
solution, and on the property of ammonium citrate of keeping in solution the cal- 
cium, aluminum and iron which always accompany the phosphoric acid. 

(b) Class 2 materials . — Calcine materials of the second class before the addi- 
tion of the hydrochloric acid and then proceed as for class i materials. 

(c) Class s materials — Mix 4 grams of the material in a porcelain crucible 
with 0.2 gram of slaked lime, in order to prevent possible reduction of the phos- 
phoric acid by the organic matter, which would cause loss of phosphorus. Moisten 
the mixture with 10 drops of water, dry on a sand bath, and carefully ignite in a 
muffle, bringing to a red heat only after liberation of gas has entirely ceased. Re- 
move the ignited mass and place in a flask: wash the crucible with hydrochloric 
acid and then with water into the flask. Boil for some minutes, cool, and dilute 
to 200 cc. Filter; take 100 cc., corresponding to 2 grams of material; and proceed 
as for class i materials. 

(d) Class ./ materials — Proceed in the case of precipitated phosphates as for 
materials of the first class, but take an aliquot corresponding to only a 0.5 gram 
sample because of the high phosphoric acid content. 

(e) Class 5 materials . — In the case of phosphate slags, treat 2 grams in a 
beaker with 15 cc. of h>drochloric acid; heat for 10 minutes on a sand bath, add 
10 cc. of nitric acid to oxidize the iron, and evaporate to dryness on the sand bath. 
This evaporation should be made with extreme care; if not carried far enough the 
.silica will not be rendered insoluble, which would make filtration extremely slow, 
and would give too high re.siilts. To assure complete desiccation, not only must 
no odor of acid be perceptible but the mass should assume an ocherous color. Add 
10 cc. of hydrochloric acid, heat several minutes on the sand bath, add hot water, 
continue heating several more minutes, cool, bring to exactly 200 cc., filter, take 
100 cc., corresponding to i gram of material, and proceed as for class i materials. 

The preliminary attack with hydrochloric acid is necessary because nitric acid 
cannot dissolve the phosphates entirely. When the slags are very rich in lime, as 
is frequently the case, it can be eliminated by means of ammonium oxalate in acetic 
acid solution. 

(f) Phosphatic materials in general . — In .spite of all precautions, the precipi- 
tation of magnesium ammonium phosphate by the citrate method almost always 
entrains a little .silica, and iron and aluminum oxides, as well as lime. This can be 
partly overcome by attacking the material with sulfuric acid, which has the ad- 
vantage of dissolving less silica as well as lime. The procedure is as follows: 

Treat 5 grams of phosphate in a 500 cc. flask with 20 cc. of nitric acid (sp. gr. 
1.4) and 50 cc. of pure sulfuric acid. Boil for 30 minutes; cool, bring the volume 
to 500 cc., mix, and filter. Take 50 cc. of the filtered liquid, representing 0.5 gram 
of phosphate, and proceed as described under 3. 

In the case of phosphate fertilizers containing organic matter, such as guanos, 
bone phosphates, etc., continue the boiling for i hour in order to destroy the organic 
matter, thus dispensing with the preliminary incineration. 



OFFICIAL METHODS 


207 


2 REAGENTS 

(a) Ammonium citrate solution. — Dissolve 400 ^rams of crystallized citric acid 
without heating in a sufficient quantity of 22® Be. ammonia. Dilute to i liter with 
ammonia. 

(b) Magnesia mixture. — Dissolve 150 grams of crystallized magnesium chlo- 
ride and 150 grams of ammonium chloride in a sufficient quantity of water to make 
the volume i liter; lo cc. of this solution precipitates 0.5 gram of phosphoric acid. 

(r) Joulie's cifro-magnesia solution. — Dissolve 22 grams of pure magnesium' 
carbonate in a solution of 400 grams of citric acid in 200 cc. of water, and add 
about 400 cc. of 21 ”-22° Be. ammonia. This solution .should remain strongly acid. 

3 determination 
{Citrate Method) 

To a ICO cc. aliquot of solution, prepared as directed above, add 40 cc. of am- 
monium citrate solution, 50 cc. of ammonia, and 10 cc. of magnesia mixture; stir 
vigorously with a glass rod, avoiding contact with the walls of the beaker in order 
to prevent the formation of an adherent deposit on the glass, cover the beaker 
with a watch-glass or place under a bell jar, and allow to stand. 

The phosphoric acid is entirely precipitated at the expiration of 2 hours as mag- 
nesium ammonium phosphate; if it is desired to hasten the precipitation, stir con- 
tinuously for about 30 minutes by hand or, better, resort to a mechanical agitator; 
the precipitation can then be considered as complete at the end of about i hour. 

Filter the precipitate upon a small filter paper, preferably the plaited kind; de- 
tach that adhering to the beaker by means of a policeman and wash onto the filter 
by means of water containing one-third of its volume of ammonia. Use this mix- 
ture also for washing the precipitate on the filter, which can be done with about 
50 cc. of the ammoniacal water when care is taken to bring the precipitate into sus- 
pension by means of the jet from the wash bottle. Washing is thus much more 
complete and the plaited filter is of advantage for this purpose. The filter may be 
entirely filled two or three times with the ammoniacal solution. Dry, and ignite 
the precipitate, taking the following special precautions in order to obtain a color- 
less precipitate: 

Fold up the dried filter paper containing the precipitate and place in a tared 
crucible, which is set at the edge of the muffle so as to bring about a slow distilla- 
tion of the organic matter from the paper, using the greatest care to prevent the 
paper catching fire. When completely charred, bring the crucible lo a bright red 
heat, or still better, to a white heat, until all the carlx)n has disappeared. 

The washing and method of incineration just indicated gives a white or almost 
white magnesium pyrophosphate when, by the methods in general use, it remains 
black or a very pronounced gray. In the latter case it is sometimes recommended, 
in order to render it white, to moisten with nitric acid and calcine anew. This 
practice should be rejected for it causes losses. 

The weight obtained multiplied by 0.639 gives the phosphoric acid in a gram 
of the material analyzed. To express as tricalcium phosphate, multiply the weight 
of the phosphoric acid by 2.18. 

It happens sometimes that the magnesium ammonium phosphate contains small 
quantities of magnesia or lime. This gives too high results and the precipitate is 
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then more or less flocculent. In this case separate the mother liquor by filtration 
and redissolve the magnesium ammonium phosphate in the same beaker in which 
it was precipitated. Pour lo cc. of water containing 5 per cent of nitric acid 
on the drained filter and wash with this acidified water into the beaker in which 
the greater portion of the magnesium ammonium phosphate has been retained. 
Bring the volume to aboitt 50 cc., add 4 or 5 cc. of ammonium citrate and 2 cc. of 
magne.sia mixture, neutralize with ammonia, and finally add 25 cc. of ammonia. 
Stir, allow to settle, and collect the magnesium ammonium pho.sphate, which is now 
freed from its impurities, on a filter. 

In order to avoid the precipitation of lime, which interferes with the deter- 
mination in cases of materials containing very much lime.stone, increase the quantity 
of ammonium citrate, adding, for example 60 cc. in place of the 40 cc. and increase 
the dilution of the solution in which the precipitation is made to about 250 cc. to 
decrease the liability of entraining lime and even magnesia. 

If the flocculent particles are due to silica, which is generally the case when 
the precipitation of lime has been prevented as ju.st described, dissolve the weighed 
magnesium pyrophosphate in nitric acid, dilute with 3 or 4 volumes of water, wash 
with boiling water, collect and calcine the insoluble silica and subtract its weight 
from that of the pyropho.sphate. 

It is very important, in order to precipitate all the phosphoric acid, to have an 
excess of magnesia present, and this excess should be such as to represent about 
o.i gram of magnesia per 100 cc. of the liquid in which the precipitation is made; 
that is, an excess of 0.2-0.3 gram of magnesia over the quantity necessary for the 
formation of magnesium ammonium phosphate. As a consequence, varying quan- 
tities of magnesia mixture are added, depending on the presumed proportion ot 
phosphoric acid, so as always to have the desired excess. The proportion of mag- 
nesia .should be increased also with the quantity of ammonium citrate used, and 
use may be made of Joulie’s citro-magnesian solution, which contains proportional 
quantities of citric acid and magnesia. 

The ammonia should be added only after the addition of the magnesia mix- 
ture, as there is then less ri.sk of entraining iron and aluminum phosphates in the 
precipitate. 

It may happen, nevertheless, that the magnesium pyrophosphate obtained is not 
absolutely pure. It may contain some silica, even when there has been a previous 
evaporation to dryness, and also phosphates of iron and aluminum. The presence 
of these two substances may be easily ascertained and correction made as follows, 
if they are present : 

Qualitative te.sts, which take only a few moments, should always be made. 

Dissolve the weighed precipitate in nitric acid in the same ves.sel in w^hich it 
has been weighed. Weigh any appreciable residue of silica that remains, and sub- 
tract from the weight of the pyrophosphate. Dilute the solution to about ico cc., 
neutralize with ammonia until blue to litmus paper, and redissolve the precipitate 
of magnesium ammonium phosphate that is formed with acetic acid in slight ex- 
cess. If the solution remains clear at the expiration of several hours, the absence 
of iron and aluminum phosphates is then confirmed. If they are found, collect and 
weigh, and decrease the weight of the phosphoric acid (PsOb) as calculated from 
the weight of the magnesium pyropho,sphate, after its correction for silica, by 0.25 
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mg. for each milligram of iron and aluminum phosphates obtained. In many cases 
a little lime is entrained ; when very abundant it should be taken into account. In 
the majority of cases the above corrections arc unnecessary. If they are too large, 
it is advisable to repeat the determination. 

4 REAGKNT 

Ammonium molybdate solution.— DhsoUe: 100 grams of molybdic acid in 400 
grams of ammonia (sp. gr. 0.95) ; filter and add drop by drop to 1,500 grams of 
nitric acid (sp. gr. 1.20), stirring constantly. Allow to stand several days in a warm 
place and decant the clear portion for ust. 

5 i>eti*:rmination 

( Molybdate-Magnesium Method ) 

Calcine 5 grams of the material to destroy organic matter, transfer to a flask, 
add 20 cc. of water and 20 cc. of nitric acid, boil for 15 minutes, cool, and dilute 
to 100 cc. For phosphates high in phosphoric acid, take 10 cc. of the solution cor- 
responding to 0.5 gram of material ; for fertilizers containing 10-20 per cent phos- 
l)horic acid, take 20 cc., and for those containing less than 10 per cent take 40 cc. 
In each case bring the volume to 50 cc. after the addition of 10 cc. of nitric acid 
and 6-7 grams of ammonium nitrate crystals. Place the liquid in a 300 cc. beakei 
and add 50 cc. of molybdate solution for each o.i gram of phosphoric acid sup- 
posed to be in the liquid. Bring the mixture to (X>'' C. and maintain for i hour 
in a water bath. At the end of this time determine whether an addition of molyb- 
date solution gives a precipitate in a small portion of the clear liquor. If so, add 
another 50 cc. and continue the heating at 90*" C. for another hour, filter, wash 
with an aqueous solution containing 3 per cent ammonium nitrate and i per cent 
nitric acid, dissolve with several cubic centimeters of ammonia, and wash the filter 
with water containing 300 grams of ammonia per liter, using a total of 50 cc. Grad- 
ually pour into the solution 10 cc. of magnesia mixture while agitating constantly. 
Allows to stand 12 hours, filter, wash with 3 per cent ammonia, ignite, and weigh 
as magnesium pyrophosphate. 

When very small quantities of phosphoric acid are present, for example, less 
than 0.05 gram, collect the phosphomolybdate precipitate on a double filler, one of 
which serves as a tare for the other; wash, with w^ater acidulated with nitric acid 
and finally with several drops of water, and dry at not exceeding qo° C. The 
weight multiplied by 0.0376 gives the weight of phosphoric acid. 

CITRATE-SOLI RLE PHOSPHORIC ACID 

6 UKTKRMl NATION 

Precipitated phosphates . — For precipitated phosphates of the fourth class, both 
total phosphoric acid and that soluble in ammonium citrate are determined. For 
citrate-soluble phosphoric acid, take 0.75 gram and triturate in a mortar with several 
drops of citrate solution in order to bring it into a pasty state easily miscible with 
the solution ; gradually mix this paste with 60 cc. of ammonium citrate solution and 
introduce into a 150 cc. graduated flask, using a part of the citrate solution for 
washing the mortar. Shake the flask frequently and digest for 12 hours. If there 
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is a considerable deposit noticeable, again shake and digest for 12 hours more. 
Dilute to 150 cc., thoroughly mix, filter, and take ico cc. of the filtered liquid, 
representing 0.5 gram of material, for the precipitation ; proceed as described under 
8 for the determination of citrate-soluble phosphoric acid in superphosphates. 

WATKR-SOLVBLK Al^D CITRATR-SOLI BLK PHOSPHORIC ACIH 

7 preparation op solution 

Sitperphosf'haics and chemical fertilisers. — In the case of superphosphates and 
chemical fertilizers, both water-soluble and citrate-soluble phosphoric acid should be 
determined. When the fertilizer does not contain magnesium, direct treatment ^\ith 
ammonium citrate dissolves the phosphoric acid existing in both forms, but when 
magne<?ium is present, magnesium ammonium phosphate, which is insoluble in the 
citrate solution, forms and all the phosphoric acid corresponding to the magnesium 
escapes the citro-ammoniacal treatment. The magnesium exists in the material as 
sulfate or water-soluble phosphate. It can, therefore, l)e eliminated by wa.shing, and 
the treatment with ammonium citrate can be carried out on the residue. The washing 
with water, however, must be carried out very rapidly so that any free sulfuric acid 
does not render undissolved phosphate soluble and thus give a greater quantity of 
soluble phosphoric acid in the results than actually exists in the product under 
examination. 

Pass the material through a i mm.-mesh sieve, weigh out 1.5 grams, and place in 
a glass mortar. Add about 20 cc. of distilled water, stir lightly without cru.shing, 
allow to stand a minute, and decant on a non-i)laited filter into a 150 cc. graduated 
flask. Repeat the addition of water and decant 3 or 4 times, working rapidly ; then 
crush the material very finely, collect on the filter by means of a wash bottle, con- 
tinue the washing to the mark, and mix. 

8 determination 

To determine the water-soluble phosphoric acid, take a 100 cc. aliquot equiv- 
alent to I gram, add 20 cc. of the ammonium citrate under 2 (a), 50 cc. of ammonia, 
and 10 cc. of the magnesia mixture under 2 (6), and proceed as described under 3. 

For the determination of both w^ater-soluble and citrate-soluble phosphoric acid, 
introduce the filter containing the washed residue from the water-soluble phosphoric 
acid into a 150 cc. graduated flask with 60 cc. of ammonium citrate; digest for 
I hour with occasional agitation, allow to stand for 12 hours, dilute to 150 cc., mix 
and filter. Take 100 cc. of the filtrate and add to it 100 cc. of the solution pre- 
pared under 7. Carry out the precipitation in the united solutions as before, but 
without the addition of the ammonium citrate. 

For separate determinations of water-soluble and citrate-soluble phosphoric acid, 
make separate precipitations in 100 cc. portions of both liquids. As it is import- 
ant to have the liquid strongly ammoniacal, a volume of ammonia equal to one- 
third of the total volume is added in every case On extraction of a superphosphate 
with water, a cloudy solution is often obtained owing to silicious matter in suspen- 
sion in the wash waters. To avoid this it is advisable to add several drops of hy- 
drochloric acid, dilute to the mark, and filter. 
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p MKCHANIC AL A.’^ALYSI^ OF PHOSPIIATKS 

The effectiveness of certain fertilizer materials increases with their degree of 
fineness, owing to the greater surface w'hich they present to soil and root solvents. 

For raw phosphates and phosphate slags in particular, the larger particles do 
not have any action on vegetation and should he regarded as inert and without 
value, hence the necessity of determining the quantity of these products remaining 
on the sieve, that is, in a non-iitilizahle condition. 

The custom has been established of running the material through a No. lOO 
metallic wire sieve, of which the meshes have a uniform 0.17 mm. opening. Not 
more than 10 per cent of a raw phosphate ought to remain on the sieve, and not 
more than jo per cent of a phosphatic slag. 

( )TI1KR CoiTNTKiKS 

The official methods prescribed for use in various other countries 
throughout the vrorld are es.sentially the same as one or other of the 
methods already outlined as official for the United States, (ireat Britain, 
Germany, and France. The preceding table shows the particular methods 
pre.scribed for the determination of total, water-soluble, citrate-soluble and 
citric acid-soluble phosphoric acid in each of the countries listed. 


^ Methodenbuch. Verband der landwirtshaftlichen V'ersuchs-stationen in ()sterreich. Vienna, 

1913. 

* Methodes d’Analyse des> Ivngrai.s. Mini'*tere de PAKriculture. Pans, i.S<)7 

'* Private Communication, Ministry for Foreign Affairs. Prague, Jan. 4, jqjo. 

* Faelles Arbeidsmetodar for Unders^gelser foretagne i Medf«#»r af Lov om Handel med 
G<^duing.s ■* og Foderstoffer af 26. Mart.s 1898. 

* Private Communication. Royal Hungarian Ministry for Foreign Affairs. Budapest, Dec. 
i8, 1936. 

Trattato di chimica analitica applicata, Vol. I. Rome, 1916. 

^ Methods for the Analysis of Fertilizers. Agricultural Experimental Station. Department 
of Agriculture and Commerce. 

® Analyse av For — og Gj<^d.selstoffer. Kristiaiii.'i, 1924. 

Private Communication. Scientific Institute of Fertilizers. Moscow, (X't. u, 1928. 
Procedimientos de Anali.sis dc Abono.s. Ministerio de Fomento. Madrid, 1919. 

’’ Kungl. Lantbruksstyrelsens Kungorelse ang&endi bestammelser for undersokning vid dc 
med statsmedel understodda kemi'.ka stationerna. Stockholm, 1927. 
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NITROGEN 

By G. S. Fkaps^ Ph. D,, Chief, Division of Chemistry, Agricul- 
tural Experiment Station, College Station, Texas, and 
State Chemist of Texas 

Nitrogen is the most costly of the essential plant foods. The popular 
notion regarding its relatively great abundance is erroneous, since it forms 
only a minute part of the matter in and pertaining to the earth’s crust. 
The great mass of nitrogen forming the bulk of the atmosphere is inert 
and useless for plant food ; it is not until it is combined with other ele- 
ments by electrical discharges, by the cyanamide or the direct synthetic 
ammonia process or by the action of certain micro-organisms that it as- 
sumes an agricultural value. 

States of Nitrogen. — In this study of nitrogen as aggregated in a form 
suited for ])lant food, it may claim the attention of the analyst in the fol- 
lowing forms: 

(1) Organic compounds which contain nitrogen chiefly in the form of pro- 
tcids. These include cottonseed meal, peanut meal, dried blood, packing house tank- 
age, etc. 

(2) Organic compounds originally of inferior quality which have been decom- 
posed by superheated steam alone or with acids, for the purpose of rendering them 
more available to plants. Feathers, hair, leather and other trade wastes are treated 
in this way. 

(3) Urea, salts of urea and cyanamide, the nitrogen of which may be partly 
changed to urea in the soil. 

(4) Salts of ammonia, .such as sulfate of ammonia, ammonium phosphate, am- 
monium nitrate, etc. 

(5) Nitrates, such as nitrate of soda, nitrate of lime, and ammonium nitrate. 

The analyst may be required to deal with the single material, or with 
mixtures of two or more of them, and he is u.sually required to estimate 
the total nitrogen. He may be requested to estimate the percentages of 
nitrogen present in mixtures as (a) in organic compounds and (b) in in- 
organic compounds, or it may be necessary to estimate the quantity of 
nitrogen present as (c) ammonium salts, and (d) nitrates, or other forms 
of combination. He may also be called on to decide whether the organic 
water-insoluble nitrogen is of good quality or not, and to estimate various 
constituents accompanying the nitrogenous compounds. 
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Seeds and Seed Residues , — The proteid matters in seeds and seed resi- 
dues, after the extraction of the oil, are highly prized as nitrogenous 
fertilizers, either for direct application or for mixing. Typical of this 
class of substances is cottonseed meal, the residue left after the extrac- 
tion of the oil from the meal, which is accomplished by pressure. The 
residual cakes still contain some oil, but nearly half their weight consists 
of nitrogenous compounds. 

Cottonseed meal may contain 5.76-8 per cent nitrogen, though it rarely 
runs as high as 8 per cent. It contains 2-3 per cent of phosphoric acid, 
chiefly as an organic compound, phytin. It also contains 2-3 per cent of 
potash, mostly water soluble. Cottonseed meal is sold as 43 per cent pro- 
tein cottonseed meal and 41 per cent protein cottonseed meal, and there 
are other grades in some states ranging down to 36 i)er cent protein. 
Cottonseed meal is an excellent feed as well as fertilizer, but owing to its 
high value as a protein feed it is ordinarily worth more as a feed than 
as a fertilizer, especially to the thrifty farmer, who can secure a large 
proportion of the fertilizing value in the droppings of the animal to which 
it is fed. This renders cottonseed meal an expensive source of fertilizer 
nitrogen, and although considerable quantities are still used for this pur- 
pose in the south, the amount tends to decrease. Sometimes, however, 
the price is sufficiently low to justify the extensive use of cottonseed meal 
as a fertilizer, and this is particularly the case in some sections of the 
south. Off grades of cottonseed meal, made from heated seed or that 
injured in quality during the process of manufacture and thus not well 
suited to feeding, are also available, particularly when excessive rain- 
fall occurs during the season of picking the cotton. It is estimated by the 
United States Department of Agriculture that of the 2,840,000 tons of 
cottonseed meal produced in 1927, 450,000 tons was used as fertilizers, of 
which 120,000 tons was used in commercial mixtures and 330,000 tons 
directly by the farmers. 

Linseed oil meal and peanut oil meal are similar to cottonseed meal and 
are sometimes used for fertilizer when they have been damaged in such a 
way as to render them unfit for feeding animals. Linseed oil meal is a by- 
product obtained from expressing the oil from flax seed, and peanut 
oil meal is a similar by-product obtained from peanuts. Cocoa meal, a by- 
product in the preparation of cocoa butter for use in bringing chocolate 
and cocoa to the legal content of fat, has also been used in small quan- 
tities as a fertilizer. 
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Dried Blood, Meat Meal and Digester Tankage . — The blood and scraps 
of meat, etc., from abattoirs afford sources of nitrogen in forms easily 
oxidized by the micro-organisms of the soil. Blood is prepared for use 
by drying and grinding. The intestines, scraps, and fragments of flesh 
resulting from trimming and cutting are placed in tanks and steamed 
under pressure to remove the fat. The dried and ground residue forms 
the tankage of commerce. The whole carcasses of animals condemned 
as unfit for food also are reduced to tankage. Dried blood is richer in 
proteid matter than any other substance in common use for fertilizing 
purposes. When it is in a completely dry state it may contain as much 
as 14 per cent of nitrogen, equivalent to nearly 88 per cent of proteid or 
albuminoid matter. Tankage is not so high in nitrogen as dried blood, but 
it contains enough to make it a highly desirable constituent of manures. 
Dried blood, tankage, and meat meal or meat scraps are now much more 
valuable for feeding animals than for use as a fertilizer. For this reason 
the quantities that can be purchased at prices that justify their use as 
fertilizers has steadily decreased, until at the present time in some sec- 
tions of the country the supply is re.stricted to damaged or inferior ma- 
terials, or to that in other respects not suitable for feeding. It is estimated 
(1927) that the meat packing industry produces 175,000 tons of tankage, 
175,000 tons of cracklings and 4CKX) tons of dried blood, and that only 
about 5 per cent of the total goes into fertilizer. 

Fish Scraps . — A large amount of nitrogen is received from sea fish. 
It is shown by Atwater that the edible part has an unusually high per- 
centage of protein.^ In round numbers about 75 per cent of the water- 
free edible parts of fish is composed of albuminoids. Some kinds of fish, 
as the menhaden, are taken chiefly for their oil and fertilizing value, but 
the residue after the oil has been extracted is rich in nitrogen. Squanto, 
an American Indian, first taught the early New England settlers the 
manurial value of fish.^ Fish scraps are made from the residues of fish 
after the extraction of oil, or from bones and offal left in preparing fish 
for canning, drying, or otherwise for human food. Fish scrap of good 
quality is suitable for cattle food. When made of partly-decomposed 
material, or that otherwise of inferior quality, it is suitable only for fer- 
tilizer. The amount of fish scrap available for use as fertilizer is com- 
paratively small. 

* Report of Coraroissioner of Fish and Fisheries, 1888, 670. 

* Goode, American Naturalist, 14 , 473 (18R0). 
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Bird Guano . — Immense quantities of nitrogen are secured, both from 
sea and land, by the various genera of birds. The well-known habit of 
birds in congregating in rookeries during the night and at certain seasons 
of the year tends to bring into a common receptacle the nitrogenous mat- 
ters which they have gathered and which are deposited in their excrement 
and in the decay of their bodies. In former times the magnitude of these 
rookeries was probably much greater than now, but even at the present 
time they are of vast extent. The feathers of birds are particularly rich 
in nitrogen, and the nitrogenous content of the flesh of fowls is also high. 
The decay of the remains of birds, esi)ecially if it occurs w'here there is 
little leaching by water, tends to accumulate vast deposits of nitrogen- 
ous matter. Bird guano was formerly an important commercial fertilizer, 
as shown by the fact that fertilizer is still termed “guano” in some sec- 
tions. 

Bat Guano . — Bat guano is found in caves in Texas, parts of Mexico, 
Cuba, and other localities. Some of the caves are still inhabited by bats, 
and may produce 20-40 tons of guano a year. Bat guano api)ears to be 
liable to spontaneous combustion. If this occurs, the residue, bat-cave 
earth, is high in phosphates but low in nitrogen. All variations are found 
between the two extremes of fresh guano and bat-cave earth. Owing 
to the variations in deposits in diflferent parts of the cave and from the sur- 
face downward, they are difticult to sample correctly, and therefore mone- 
tary losses have resulted from careless sampling. Some bat guano is also 
produced in roosts constructed to house bats kept to destroy mosquitoes. 

Fresh bat guano may contain 10-12 per cent of nitrogen, and cave earth 
may contain 2 or 3 per cent nitrogen and 8 to 10 per cent phosphoric acid. 
Material taken from a cave may have a composition anywhere between 
the extremes mentioned. The guano high in nitrogen is usually found 
only in caves that still harbor colonies of bats. 

Garbage Tankage . — ^The processed residues from household waste col- 
lected in cities is termed garbage tankage. It is derived from both animal 
and vegetable matter, and it varies in composition according to the manner 
of sorting the material before it is processed, as well as from summer 
to winter. Its nitrogen usually has a low availability. 

Activated Sludge . — Sewage sludge separates in the process of purifica- 
tion of sewage, and in general it is of two types : ( i ) The suspended ma- 
terial is allowed to settle and to undergo a partial decomposition before 
the sludge is drawn off. This includes Imhoff sludge and similar sludges, 
in which the nitrogen has a low availability. At the present time this 
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sludge is disposed of in the most convenient way, little being utilized. (2) 
Air is pressed through the sewage, and vigorous bacterial action takes 
place. This sludge, known as activated, separates quickly, and is some- 
what difficult to separate and dry. The city of Milwaukee is marketing 
dried activated sludge at the present time under the trade name Mil- 
organite. Chemical tests and pot and field experiments^ show that this 
activated .sludge has a good availability. It contains 2-2.6 per cent total 
phosphoric acid and 3.5-6 per cent nitrogen. 

Imhoff Sewage Sludge , — Sewage sludge from Imhoff tanks and similar 
apparatus contains less nitrogen than does activated sludge, and the avail- 
ability of the nitrogen is low, so that these .sludges are not suitable for 
use in mixed fertilizers. Their composition is variable, but they contain 
much less nitrogen than activated .sludge; in content of plant food and 
activity of the nitrogen they resemble barnyard manure more closely than 
commercial fertilizer, and thus they are suitable chiefly for local use. 
Imhoff sludges contain 0.5-2.5 per cent total phosphoric acid, with an 
average of about 1.5 per cent; 0.9-3 cent nitrogen, average about 1.5 
per cent ; and 0.2-1. 4 per cent potash, average about 0.3 f)er cent. 

Sea Weeds . — Much of the waste nitrogen finds its way sooner or later 
to the sea, and is partly recovered in many forms. Sea weeds of all kinds 
contain organic nitrogen. Many years ago Forchhammer''* j)ointed out 
the agricultural value of certain fucoids, and many other chemists have 
contributed important data in regard to the composition of these bodies. 
Jenkins^ showed from the analyses of several varieties of sea weeds that 
in the green state they are quite equal in fertilizing value to stall manure, 
and his data are fully corroborated by Goessman.** Wheeler and Hart- 
welF give the fullest and most systematic discussion that has been pub- 
lished of the agricultural value of this source of nitrogen. Sea weeds 
are too low in nitrogen to be used in commercial fertilizer. 

Rough Ammomates. — Hair, feathers, leather and similar materials are 
high in nitrogen, but they decay slowly in the soil and are generally rec- 
ognized as unsuitable as such for use in commercial fertilizers. They 
are usually decomposed by treatment with steam or acids in order to render 
their nitrogen more soluble and available. As they are not used without 
such treatment, they are called rough ammoniates in the trade. 


>/. Am. Soc. Agroft., 18 , 953 ( 10 ^ 6 )- 
*/. prakt. Chem., 36 , 17, 385 ( 1845 ). 

* Ann. Rpt. Connecticut Exp. Sta., 72 (1890). 
♦Ann. Rpt. Massachusetts Exp. Sta., 223 (1887). 
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Processed Tankage , — Processed tankages are made by the decomposi- 
tion of leather, feathers, hair and other materials which contain nitrogen 
in inert forms. The decomposition is effected by steam under pressure, 
with or without acids. Part of the insoluble nitrogen is changed to salts 
of ammonia, part to water-soluble organic compounds, and a part remains 
in water-insoluble organic compounds which, however, may decompose in 
the soil more readily than the original material. Pot experiments have 
shown that the treatment increases the availability of the nitrogen. When 
properly made, processed tankages have a good availability in pot tests, 
and the insoluble organic nitrogenous material in many cases passes the 
A. O. A. C. test for activity. Processed tankages are sold under a num- 
ber of trade names. 

Base Goods , — Rough ammoniates may also be processed during the 
manufacture of superphosphate, with the production of base goods. They 
are mixed with the phosphate rock before the addition of sulfuric acid 
and undergo a decomposition through the action of the acid and the 
heat generated by the reaction. The analysis of a sample of base goods 
prepared in this way is as follows:^ Total nitrogen 1.75 per cent; 
nitrogen in ammonium salts 0.25 per cent; nitrogen in organic forms 1.50 
per cent; water-soluble organic nitrogen i.oi per cent; water-insoluble 
organic nitrogen 0.49 per cent. Nearly 75 per cent of the organic nitro- 
gen has been made water-soluble. Base goods may also be prepared by 
mixing ammonium sulfate or other materials with superphosphate; the 
mixture is allowed to cure or harden, and then ground, the object being 
to have a base to mix with other materials to produce a fertilizer of the 
desired grade, of good physical condition, and one that does not harden 
in the sacks. 

Proteid Fertilizer Nitrogen Limited in Amount, — Organic nitrogen in 
the form of cottonseed meal, tankage, fish scrap and similar proteid ma- 
terials is limited in amount, and the supply is decreasing owing to the in- 
creasingly extensive use of these materials for feeding. According to 
H. R. Bates, ^ the supply from all sources, production and importation, 
is between 45,000 and 50,000 tons of organic nitrogen, and there is no 
prospect of increasing this amount. The estimated tonnage of nitrogen 
consumed as fertilizer in the United States was 380,000 tons in 1929. As 
the tonnage increases, the proportion of organic nitrogen of the kinds 


Ind, Eny. Chem , 7 , 671 (19*5). 
* Ind. Eny. Chem,, 20 , 1135 (1928). 
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mentioned is sure to decrease. In other words, the nitrogen for fertilizer 
must be derived to an increasingly greater extent from inorganic sources. 

The differences in the prices of organic proteid nitrogenous fertilizer 
material and other nitrogenous materials will depend on the demand. 
At present nitrogen in organic materials sells at a higher price than that 
in inorganic materials, and it is a question if the difference in price is 
justified by the agricultural value. This is a situation that requires care- 
ful handling; otherwise the agricultural chemist may be responsible for 
the farmer paying too much for the nitrogen in his fertilizer. 

Urea and calcium cyanamide, which are classed as organic and can be 
produced synthetically, are not included in this consideration. They are 
simple non-proteid nitrogenous compounds, more closely related agricul- 
turally to inorganic compounds than to organic materials similar to pro- 
teids. 

Soils Impregnated with Nitrogen. — While consideration is given only to 
deposits of nitrates which are of sufficient value to bear transportation 
or to warrant their concentration or leaching, yet much interest attaches 
to the formation of nitrates in the soil even when they are not of com- 
mercial importance. In many of the soils of tropical regions not subject 
to heavy rain, the accumulation of nitrates is very great. Miintz and 
Marcano investigated many of the soils to which attention was called 
first by Humboldt and Boussingault,' and they state that these soils are 
incomparably richer in nitrates than the most fertile soils of Europe. The 
samples which they examined were collected from different parts of Vene- 
zuela and from the valley of the (Orinoco, as well as on the shore of the Car- 
ibbean Sea. The nitrated soils in this region of South America cover large 
surfaces. Their composition is variable, but carbonate and phosphate of 
lime are found, as well as organic nitrogenous material. The nitric acid 
is always combined with lime. In some of the soils as high as 30 per 
cent of nitrate of lime has been found. Nitrification of organic material 
takes place rapidly the year round in this tropical region. These soils are 
always abundant around caves that serve as the refuge of birds and bats, 
as described by Humboldt, Large quantities of this guano are also formed 
from the debris of insects, fragments of elytra, scales of the wings of 
butterflies, etc. The nitrification that occurs in these deposits has been 
found to extend its products to a distance of several kilometers through 
the soil. In some places the quantity of the nitrate of lime is so great that 
soils are converted into a plastic paste by this deliquescent salt. 


* Compt, rendu <>s (1885). 
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Deposits of Nitrates in Chile. — The existence of nitrate deposits in Chile 
has long been known. ^ The old Indian laws originally prohibited the col- 
lection of the salt; nevertheless, it was secretly collected and sold. Until 
1821 soda salt])eter was not known in Europe except as a laboratory 
product. About this time the naturalist, Mariano de Rivero, found on the 
Pacific coast, in the Province of Tarapaca, immense new deposits of the 
salt. Later it was found in equal abundance in the Territory of Antofa- 
gasta, and, further to the south, in the desert of Atacama, which forms 
the Department of Taltal. 

The theory of Miintz and Marcano in regard to the nitrates of soils in 
the neighborhood of caves is probably a correct one, but there are many 
objections to accepting it to explain the great deposits of nitrate of soda 
which occur in Chile and in other parts of the world. Another point 
which must be considered also is that the process of nitrification can not 
be going on now with the same vigor as formerly. Some moisture is 
necessary since the nitrifying ferment does not act in perfectly dry soil, 
and in many localities in Chile, where the nitrates are found, it is too dry 
to suppose that any active nitrification is taking place. 

According to Pissis, these deposits are of very ancient origin, the re- 
sult of the decami)osition of feldspathic rocks, the bases thus produced 
gradually becoming united with the nitric acid provided from the air.^ 

According to the theory of Nollner, these deposits are of more modern 
origin and due to the decomposition of marine vegetation.^ Continuous 
solution of soils gives rise to the formation of great lakes of saturated 
water, in which occurs the development of much marine vegetation. 
When this water evaporates, due to geologic isolation, the decomposition 
of nitrogenous organic matter causes generation of nitric acid, which, 
coming in contact with the calcareous rocks, attacks them, forming nitrate 
of calcium. In the presence of sulfate of sodium the nitrate of calcium 
gives rise to a double decomposition which produces nitrate of sodium and 
sulfate of calcium. 

The fact that iodine is found in greater or less quantity in Chile salt- 
peter is one of the chief supports of this hypothesis of marine origin, in- 
asmuch as iodine is always found in marine and not in terrestial plants. 
It must also be taken into consideration that these deposits of nitrate of 
soda contain neither shells nor fossils, nor do they contain any phosphate 


* /. Royal Agr. See., 13 , 349 (1852). 

2 Fuchs and de Launay, Traite des Gites mincraux, 1 , 4.^5 (1893). 
» lyC Feuvre and Dagnino, El Salitre de Chile, 18931 
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of lime. 1'he theory, therefore, that they are clue to animal origin is 
scarcely tenable. 

Nitrate deposits extending over 30 square miles and varying in thick- 
ness from I to 10 feet were discovered in the U. S. of Columbia.^ They 
consist of a mixture of sodium nitrate, sodium chloride, calcium sulfate, 
aluminum sulfate and insoluble silica, and contain from i to 13.5 per cent 
of nitrate. 

Niter Deposits, California and Arizona. — Many of the conditions which 
favor the deposition of niter in the soil are found in Southern California 
and Arizona. The California State Mining Bureau made investigations of 
such deposits in Southern California in 1902. Nearly all of them are 
found in the northern part of San Bernardino County, particularly along 
the shore lines, or old beaches, that mark the boundry of Death Valley as 
it doubtless appeared during the Eocene i)eriod. It was found that the 
average composition of 104 samples of caliche, taken from as many 
different claims, was 9.54 per cent of niter. About 35,000 acres were 
examined, and it was estimated that the deposit approximated 22,000,000 
tons of nitrate of soda. From a commercial point of view these niter beds 
of California are of little importance. The amount of niter is compar- 
atively small, and the cost of transportation practically excludes the prod- 
uct from the markets of the world. 

UTILIZATION OF THE NITEOGEN OF THE AIE 

The nitrogen of the air may be utilized as a fertilizer material, and 
two processes are available at present for this purpose. One, the agri- 
cultural method, is by life processes, that is the nitrogen is fixed by the 
bacteria which live in nodules on the roots of legumes, or by bacteria 
living in the soil. Although the role of legumes as soil builders has been 
known for centuries, the means by which the work is accomplished was 
not discovered until 1882, by Hillreigel. The products of the life pro- 
cesses are not directly available for use in fertilizer. The other, the in- 
dustrial method, is by processes for causing the free nitrogen of the air 
to combine with other elements. The products of this method are avail- 
able for use in commercial fertilizer, for industrial use, and for other 
purposes. 

Industrial Processes for Fixation of Nitrogen. — The industrial processes 
for the fixation of free atmospheric nitrogen may be classified into three 


* Wiley, Presidential Address, /. Ant. Chem, Soc.^ 16 , 20 (1894). 
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groups, which differ in the method of manipulation and in the first pro- 
duct formed : 

(a) The arc process, or the direct combination of nitrogen with 
oxygen, producing nitric acid and nitrates. 

(b) The cyanamide process, or the combination of nitrogen with 
calcium carbide to form calcium cyanamide, from which other 
nitrogenous compounds may be secured. 

(c) The ammonia process, or the direct combination of nitrogen 
and hydrogen to form ammonia and salts of ammonia. The 
ammonia may be oxidized to form nitrates, or be converted 
into urea. 

The industrial fixation of nitrogen^ is of recent development, as is 
shown by Table I. 


TABLE I. — WdKi.D Proik'ctkjn df Jnorgamic NiTRor.rx 


(Net tons of nitrojxen per >car) 



iqo 9 

1913 

1917 

Year 

ending 

5-31-1^24 

Year 

ending 

S-3i-»g2« 

Per cent 
of total* 
for 1028 

By-product ammonia 

233,200 

377,300 

400,400 

346,200 

430,600 

23.6 

Chilean nitrate 

330,000 

429.000 

41 L20O 

372,200 

429,000 

23.6 

Arc process 

3300 

19,800 

33.000 

33000 

33.0t)O 

1.8 

Cyanamide process 

2,750 

66,coo 

220 000 

136,400 

250, OCX) 

137 

Direct synthesis process 

0 

7700 

125,000 

275JOO 

6^,000 

37.3 

Total 

5^59-250 

899,800 

1,205,600 

1,162,900 

1 ,822,600 

100.00 


The nitrogen fixation capacity of the world at the end of 1929 was dis- 
tributed among about iii plants. The location and process are showm in 
Tabic II. It will be noted that Germany produces fully one-half of the 
total capacity and it is also of interest that two-thirds of Germany’s pro- 
duction is in one plant, the direct synthetic ammonia plant at Merseburg. 

It will be noted that the arc process, the oldest of the three, is least 
used, while the direct synthetic ammonia process, the youngest of the 
three, is used to the greatest extent. Various causes have contributed to 
the success or failure of the different processes. One of these is power 
consumption. The arc process uses 60,000 kilowatt hours per ton of 
nitrogen fixed; the cyanamide process, 12,000-14,000 and the most com- 
monly used modification of the direct synthetic process, only 4,000 kilo- 
watt hours. This has had the effect of limiting the arc process to localities 

^ The section pertaining to the fixation of nitrogen was written by P. K* Howard, Chemical 
Engineer, Fixed Nitrogen Laboratory, U. S. Department of Agriculture, Washington, 1). C. 
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TABLE II. — Nitrogkn Fixation Capacity op thk World for 1929. 
(Net tons of nitrogen per year) 



Arc 

process 

Cyanamide 

process 

Direct synthetic 
ammonia process 

Total 

Belgium 



46,500 

46 , 5 tH) 

Canada 


50,000 


50,000 

Czechoslovakia 


6,000 

12,400 

18,400 

England 



58,000 

s8,ooo 

France 

1,200 

53,000 

1 14,050 

168,300 

Germany 

4.500 

114,000 

795,000 

913,500 

Italy 


21,900 

580C0 

79,900 

Japan 


63,600 

33,700 

97,300 

Jugoslavia 


14,000 


14,000 

Netherlands 



11,000 

11,000 

Norway 

31,000 

15,000 

54,000 

100,000 

Poland 


30,000 

6000 

36,000 

Russia 



7,000 

7,000 

Roiimania 


5,000 


5,000 

Spain 



8,350 

8,350 

Sweden 


6,000 

2 , 0 (X) 

8,000 

Switzerland 


5,000 

7,000 

12,000 

United States 


40,000 

128,800 

168,800 


36,700 

4^3,500 

1,341,800 

1,802,050 


of extremely cheap water power, as in Norway, where power has been 
available at a cost of only $4 or $5 per horsepower year. In fact, it is 
only in Norway that the arc process has attained any considerable success. 
The power requirements of the cyananiide process are also high enough to 
make rather cheap power essential. On the other hand, the direct syn- 
thetic process is not dependent on special power conditions of any kind. 
The first product of the arc process is w^ak (30 per cent) nitric acid; 
with the cyanamide process it is crude calcium cyanamide; and with the 
direct synthetic ammonia process the product is high-grade liquid am- 
monia or aqua ammonia. 

In the United States nitrogen fixation has grown steadily, but at a slow 
rate until recently. Rapid progress in industrial development has been 
accomplished during 1928 and 1929, as will be seen from Table III, which 
shows domestic nitrogen production including by-product ammonia for 
each year since 1919, when production of fixed atmospheric nitrogen be- 
gan in this country. 
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TABLE III.— Nitrogenous Materiai, Produced in the United States. 
(Net tons nitrogen) 



By-product 

ammonia 

Air 

nitrogen 

Total 

1919 

85,000 

276 

85.276 

1920 

104,000 

270 

104,270 

1021 

73,600 

200 

73,800 

1922 

97,500 

740 

98,240 

1023 

123,500 

5,910 

129,410 

1924 

1 16 600 

11,110 

127,710 

1925 

136,000 

13,050 

149.050 

1026 

146,500 

14,000 

160,500 

1927 

152,000 

18,000 

170,000 

1928 

170,000 

26,000 

iq 6 ,ooo 

1929 

187,000 

84,000 

271,000 


DESCRIPTION OF FIXATION PROCESSES 

Arc Process , — The commercial arc process for the fixation of nitrogen 
consists in heating air to a high temjxirature by passing it through an 
electric arc. Under these conditions a small percentage of the nitrogen 
is oxidized to nitric oxide: Ng 4- = 2N(). The oxide thus formed 

is preserved by cooling so quickly that its decomjx)sition, which proceeds 
rapidly at high temperature but only slowly at lower temperatures, is 
practically stopped. On further cooling the dioxide is formed by oxida- 
tion, which takes place spontaneously: 2NO + 02 = 2NO2. The gas is 
further cooled and i>assed to absorption tubes, where in contact with 
water the formation of the nitric acid is completed by the following re- 
versible reactions: 2NO2 + H.O = HNO2 + HNO.,; 3HNO2 = 
HNO, + 2NO + H2O; or 3Nb2 + H2O = 2HNO2 + NO. The 
nitric oxide so formed reacts again with oxygen, and the cycle is com- 
pleted again and again until the oxide in the exhaust gases is reduced to 
an allowable amount. Alkaline solutions are frequently used to com- 
plete the absorption. 

The gases leave the furnace at 900°-! 100® C. The second step in the 
oxidation begins at 620® C., but it is completed at or below 50° C. in the 
absorption towers. 

The concentration of the oxide in the gas going to the absorption towers 
rarely exceeds 2 per cent and this limits the strength of the acid produced 
to about 30 i)er cent. This is a satisfactory acid for the manufacture of 
ammonium nitrate, sodium nitrate or calcium nitrate by neutralization 
with ammonia, limestone or soda ash, respectively. However, the low 
concentration is a drawback when it is desired to produce strong nitric 
acid by direct concentration. 
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A typical Birkeland-Eyde furnace uses 4,000 kilowatts at 10,000 volts. 
In this furnace an alternating current arc is maintained between water- 
cooled copj^er electrodes, which are placed between the poles of an elec- 
tromagnet in such a way that the direction of the arc is at right angles 
to that of the constant magnetic field. The magnetic field causes the arc 
to spread in a semicircular form, first in one direction and then in the 
opposite direction, according to the direction of the current in the arc. 
As the arc elongates under the action of the magnetic field and recedes 
along the electrodes, its electrical resistance increases, causing the poten- 
tial between the furnace electrodes to rise. When this potential has risen 
high enough a new arc will strike across the short gap at the ends of the 
electrodes, thus leading to the extinction of the long arc. This process 
rei)eats so rapidly that the arc appears as a thin disk in a plane at right 
angles to the line joining the poles of the magnet. 

In spite of much effort to improve furnace efficiency and to recover 
heat from the hot gases, the process is still extremely wasteful of energy ; 
(x),ooo kilowatt hours are required per ton of nitrogen fixed. 

A typical absoriition system consists of several towers as large as 75 
feet high and 20 feet in diameter, made of brick or granite packed with 
broken quartz, etc., to give contact surface for the absorbing water or 
alkaline solution. 

Cyanamidc Process , — There are three princii)al steps in the cyanamide 
process proper — the production of calcium carbide — which involves, first, 
the burning of limestone to lime, and then the fusing of the lime with 
coke in an electric furnace; the isolation of nitrogen from the air in a 
rather pure state; and, finally, the treatment of the finely powdered 
highly heated carbide with nitrogen, resulting in the fixation of nitrogen 
according to the equation : CaCz + Nj = CaCNg + C. 

The raw materials for the process are limestone and some form of car- 
bon, either charcoal, anthracite coal, or cuke, the latter being generally used. 
The nitrogen is ordinarily obtained by the fractional distillation of liquid 
air. 

The nitrification of the carbide, to which some material such as calcium 
fluoride has been added to speed up the reaction, is carried out at a tem- 
l.)erature of 1100^^-1200® C. in an oven so arranged as to allow free access 
of the nitrogen to the carbide, conserve the heat of the reaction and allow 
for heating electrically to start the reaction, which is exothermic and able 
to maintain its own temperature when once well under way. At the end 
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of the reaction the oven, which is filled with finely pulverized carbide, 
yields a solid ingot of bluish-black crude calcium cyanamide. 

This ingot is crushed and pulverized and treated with a small quantity 
of water, with constant stirring, to destroy residual calcium carbide left 
by incomplete nitrification. The jiroduct, which is variously termed lime- 
nitrogen, nitrolim, calcium cyanamide, cyanamide, or cyanamid, is now 
ready for the autoclaves if it is to be converted into ammonia or to be 
I>repared for use as fertilizer by treatment with a small quantity of oil to 
settle the dust or by granulation. In either case steps are taken to insure 
complete hydration of the carbide. 

A typical cyanamide contains 21 per cent nitrogen: the analysis is ap- 
proximately as follows : 


Per cent 


Calciuin cyanamide 

63.5 

Calcium carbonate 

2.0 

Calcium hydroxide 

17.0 

Calcium sulfide 

1.0 

Free carbon 

II.O 

Iron and alumina 

2.0 

Silica 

20 

Combined water 

1.5 

Free moisture 

I.O 


If pro|)er precautions are observed, cyanamide may he applied to the soil 
directly or mixed in limited quantity with other materials to make com- 
plete fertilizers.^ It is a cheap material and when used under favorable 
conditions it gives excellent results. It has certain objectionable proper- 
ties, however, which make it necessary to follow carefully prescribed rules 
for its use if ill effects are to be avoided and the best result obtained. By 
far the largest part of the world’s output of this material is applied to the 
soil separately. 

Direct Synthetic Ammonia Process . — The reaction for ammonia syn- 
thesis is as follows: N, -f 3H2 = 2NH3. Commercially this reaction 
is carried out at high pressure, i(X)-iocxD atmospheres and at temperatures 
of 450*^-700^ C. in the presence of a catalyst. Various materials catalyze 
this reaction. A catalyst developed by the Fixed Nitrogen Research Lab- 
oratory, United States Department of Agriculture, and now in general use 
in the industry, consists chiefly of iron initially as the oxide with small 
quantities of potassium and aluminum oxide known as promotors. The 
nitrogen hydrogen mixture is obtained in various ways and this is an 


AlH&on, U. S. Dept. Agr. Circ. 64 . 
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important step in the process since the cost of the hydrogen often amounts 
to more than half the total cost of the ammonia. Hydrogen for use in 
this process is obtained (i) from the water gas process with producer 
gas added to furnish the nitrogen; (2) from electrolysis of water; (3) 
as a by-product in the manufacture of chlorine and of sodium; and (4) 
from coke-oven gas by liquefaction and absorption methods. In the first 
case the three to one mixture is obtained directly, the nitrogen accom- 
panying the hydrogen through the purification process as a by-product. 
Nitrogen is obtained for use with straight hydrogen by burning the oxy- 
gen from air with hydrogen or by liquid air separation. In one process 
for recovery of coke-oven hydrogen the final step in purification is accom- 
plished by scrubbing with liquid nitrogen to remove carbon monoxide, and 
in this case the hydrogen picks up the required nitrogen from the liquid 
nitrogen. In the case of water-gas production large quantities of carbon 
monoxide are produced along with the hydrogen in the gas machine and 
must be removed or converted to hydrogen in a converter with the aid of 
a catalyst, by the reaction : CO 4 - HjO = CO2 Hg ; the carbon dioxide 
is then scrubbed out with water under pressure as the first step of the 
purification process which produces by scrubbing with cuprous ammonium 
carbonate or formate and caustic, etc., a gas practically free from car- 
bon dioxide, carbon monoxide, oxygen, and moisture. 

During its passage through the ammonia catalyst bomb a part of the gas 
mixture is converted into ammonia, the percentage of conversion depend- 
ing on pressure, temperature, activity of the catalyst, and time of contact. 
The ammonia is removed from the gas after cooling by liquefaction or 
absorption in water, and the residual gas is returned to the stream going 
to the converter. The ammonia equilibrium reaches 52 per cent at 500 
atmospheres pressure and 400^ C., and even higher conversion is possible 
at higher pressures or lower temperature.^ 

Nitrogen Conversion Products. — ^During the year 1909, 58 per cent of 
the world’s inorganic nitrogen was produced as Chilean nitrate of soda 
and 0.6 per cent as arc process nitrate. During 1929 less than 25 j)er cent 
was from these sources; 75 per cent was ammonia or cyanamide, a part 
of which was converted to ammonia. This shift has had a marked effect 
on comparative prices. In 1909 the price of nitrogen in ammonium 
sulfate and in Chilean nitrate was practically the same. In 1929 am- 
monium sulfate was quoted at the same price per ton as Chilean nitrate 
in spite of the fact that it contains one-third more nitrogen. The abundant 


* Ordnance Document No. 2041. 



228 


AGRICUI^TURAL ANAI^YSIS 


supply of cyanamide and ammonia and the resulting low price has en- 
couraged their conversion into other forms and into materials in greater 
demand in agriculture and industry. 

Ammonia from Cyanamide . — The production of ammonia from cyan- 
amide is a comparatively simple operation, consisting in the treatment of 
cyanamide with water and steam in an autoclave. It was very largely for 
this reason that the cyanamide process assumed its importance during the 
World War as a method of fixing nitrogen for use in the production of 
military explosives. 

The process as actually carried out involves the following steps : ( i ) 

The elimination of free carbide by hydration; (2) the treatment of the 
hydrated cyanamide with water and steam in an autoclave; (3) the sepa- 
ration of the ammonia from the steam-ammonia mixture; (4) the treat- 
ment of the autoclave sludge to recover the alkali that had been added as 
soda ash in making up the charge; and (5) the disposal of the sludge. 

The course of the reaction, which is assisted by the presence of alkali, 
is not fully understood. However, the net result of the chemical changes 
involved in treatment are quite accurately represented by the equation 
CaCNg -|- 3H2O = 2NH3 -f CaCO... The conversion is practically com- 
plete in such autoclaves as those at United States Nitrate Plant No. 2, 
which are 21 feet high, 6 feet in diameter and constructed to oi>erate at 
pressures up to 300 pounds per square inch. In operating these autoclaves 
about 19,000 i)ounds of filtrate liquor from a previous operation are in- 
troduced with 8,000 [pounds of cyanamide and enough soda ash to bring 
the alkali concentration to the equivalent of 3 per cent sodium hydroxide. 

Cyanide is produced by the American Cyanamid Company from crude 
calcium cyanamide by strongly heating the latter in the presence of free 
carbon with a flux such as sodium chloride. It is l)elieved that the re- 
action is as follows: CaCNg + C = Ca(CN)2. This process is com- 
mercially important as a source of cyanide for fumigation and for metal- 
lurgy. 

Ammonia oxidation is in successful and widespread use. By this 
process ammonia is converted into nitric acid for use in manufacturing 
operations such as explosive production, sulfuric acid manufacture, etc., 
or for use in making salts such as ammonium nitrate, calcium nitrate 
and sodium nitrate. The reactions involved in this process are as fol- 
lows: 4NH3 + 5O2 = 4NO -f 6H2O; 2NO + 02 = 2NO2; and 
3NO2 + HgO = 2HNO3 + NO. The first reaction takes place only at 
a high temperature (around 700^-1000® C.) and in the presence of a 



DESCRIPTION OF FIXATION PROCESSES 


229 


catalyst. Platinum gauze has been used extensively, but many other ma- 
terials have been suggested and very good results have been obtained 
with some of them. Ordinarily ammonia-air mixtures containing 9-10 
per cent of ammonia are used. The second reaction begins as the gas 
cools and continues throughout the system or until all the oxide is con- 
verted into nitric acid. The third reaction takes place in the absorption 
system where the gas is circulating in contact with water and dilute nitric 
acid. The process is ordinarily operated at atmospheric pressure and 
yields acid containing about 50 per cent HNO..,, which is entirely satis- 
factory for use in the production of salts. However, if concentrated acid 
is required, as in explosives manufacture, it is advantageous to carry out 
the whole process under pressure, in which case acid containing about 
70 per cent HNOy can be obtained as the first product. When the process 
is used in connection with the chamlier sulfuric acid process only the first 
two reactions are used, the gas being conveyed directly to the chambers 
from the converter. The ammonia oxidation process is rapidly replacing 
the old retort process, which uses nitrate of soda and sulfuric acid for 
nitric acid production. The transition, which is nearly complete in 
Europe, is well under way in the United States and it seems probalile that 
the retort process will be little used in the future. 

Urea is a desirable fertilizer material and has promising industrial uses. 
It can be made from either cyanamidc or from ammonia. In the am- 
monia process the only additional raw material required is carbon di- 
oxide, which is the main by-product of the direct synthetic ammonia 
process. It is carried out by pumping ammonia and carbon dioxide into 
a converter at alxiut 100 atmospheres pressure. These materials com- 
bine immediately to form ammonium carbamate, according to the follow- 
ing reaction: CO.^ NHy = In the presence of excess 

ammonia and at the elevated temjierature of the converter, water splits oflf 
from the carbamate with the formation of urea. 

2NH3 + (NHOaCOg = (NH,) 2 C 0 -I- HoO + 2NH,. 

The yield is limited by the unavoidable reaction : 

(NH«)2C0, + H^O = (NHJ^COy. 

The product containing urea, carbamate and carl)onate is distilled to break 
up the carbamate and carbonate but at a temperature insufficient to de- 
stroy the urea. The ammonia and carbon dioxide so recovered are re- 
turned to the process. 
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Urea and Calurea, a double salt made by combining urea and calcium 
nitrate in solution, are used to some extent as fertilizer materials. They 
are both very concentrated products, urea having about 46 per cent nitro- 
gen and calurea about 34 per cent. 

Ammonium Sulfate is undoubtedly the most important nitrogenous 
fertilizer material, the annual world production being about 4,500,000 
tons. It has long been made by neutralizing sulfuric acid with ammonia 
in a container called a saturator, under such conditions that the salt crys- 
tallizes out as formed. It is separated from the mother liquor, washed 
and dried. No evaporation is necessary. With the coming of the direct 
synthetic ammonia process and its by-product, carbon dioxide, another 
process has come into use in Europe. This process consists in subjecting 
a slurry of finely pulverized gypsum and water to the action of ammonia 
and carbon dioxide, the reaction being essentially as follows : 

CaSO, + H^O + 2NH, -f CO2 = (NHJowSC)^ + CaCC),. 

Commercial ammonium sulfate contains 20.6 per cent nitrogen. 

Ammonium Chloride is produced from ammonia, carbon dioxide and 
common salt in water solution by the Solvay soda process UwSed primarily 
for the production of soda ash, sodium carbonate. It contains 24 per cent 
nitrogen. It is not used extensively in fertilizer. 

Ammonium Sulfate-nitrate, known also as leiinasalpeter, is a double salt 
of ammonium sulfate and ammonium nitrate. This salt is used exten- 
sively in fertilizer and was imported to the United States to the extent 
of 91,608 tons in 1928. 

Monoammonium Phosphate and Diammonimn Phosphate are manu- 
factured for fertilizer use by adding ammonia to crude phosphoric acid. 
The ammophos of the American Cyanamid Co., and the nitrophoska of 
the German I. G. contain one of these salts. These are concentrated fer- 
tilizers. There are two grades of ammophos, containing 20 per cent 
nitrogen and 20 per cent P2O5 and 13 per cent nitrogen and 48 per cent 
P2O5 respectively. Nitrophoska No. i contains 15 per cent nitrogen, 30 
per cent PjOg and 15 per cent KgO. 

Calcium Nitrate, Sodium Nitrate, and Ammonium Nitrate containing 
15.5 per cent, 16 per cent and 34.5 per cent nitrogen, respectively, are 
made by neutralizing nitric acid with limestone, soda ash or ammonia gas. 
They are all important commercially. Potassium nitrate and potassium 
ammonium nitrate are promising materials of less commercial importance 
at this time. 
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Direct Use of Liquid Ammonia in Fertilizer Manufacture. — Some fer- 
tilizer manufacturers purchase liquid ammonia in tank cars and mix it, 
as a gas or dissolved in water, with superphos])hate. Only a small 
amount may be used in this way, as an excess will revert part of the 
available phosphoric acid. This treatment removes the free acid in the 
superphosphate. The method requires special equi])mcnt. 

Use of Term ‘‘Nitrogen.” — In 1927 the National Fertilizer Conference 
recommended that nitrogen only be used in referring to fertilizer and 
the use of the term ammonia be discontinued. The recommendation was 
made to obviate the prevailing confusion due to the use of the term 
nitrogen in some parts of the country, ammonia in others, and both at 
times, and was based upon the practical reason that nitrogen was re- 
quired by the laws of most of the states, while ammonia was only per- 
mitted. This action of the First National Fertilizer Conference was en- 
dorsed by the National Fertilizer Association, the Association of Official 
Agricultural Chemists, the American Society of Agronomy, and other 
organizations. It appears that in a short time the use of the term am- 
monia in grades and analyses will be eliminated, existing confusion will 
be cleared up, and national and international uniformity, based on the 
use of the term nitrogen, will prevail. 

METHODS FOE DETEEMIHATION OF TOTAL NITEOGEN 

There are three direct methods of determining the total nitrogen con- 
tent of fertilizers, (i) The nitrogen is secured in a gaseous form, the 
volume is measured, under standard conditions, and the weight of nitrogen 
is computed. This process, first jierfected by Dumas, whose name it 
bears, and commonly known as the absolute method, has practically 
passed out of use. It consists of the combustion of the nitrogenous body 
in the presence of copper oxide. The nitrogen, by reason of its inertness, 
is left in a gaseous state after the oxidation of the carbon and hydrogen. 
(2) The nitrogen is converted into ammonia, which is volatilized and ab- 
sorbed by an excess of standard acid, and the residue is determined by 
subsequent titration with a standard alkali. In one step of this procedure 
ammonia is directly produced by dry combustion of the organic nitrogen- 
ous compound with an alkali; in the other, ammonium sulfate is pro- 
duced by moist combustion with sulfuric acid, the salt thus formed is 
subsequently distilled with an alkali, and the ammonia is estimated as 
described previously. Nitric nitrogen may be reduced to ammonia by 
nascent hydrogen either in an acid or an alkaline solution. (3) Nitric 



AGRICUWURAI. ANALYSIS 


232 

nitrogen is estimated by colorimetric methods. These processes have 
little practical value in connection with the analysis of commercial fer- 
tilizers; their chief use is in the detection and estimation of extremely 
minute quantities of nitrites and nitrates. In the following paragraphs 
will be given the standard methods for the determination of nitrogen in 
practical work with fertilizers and fertilizing materials. 

Official Methods. — ^The methods adopted by the Association of (Official 
Agricultural Chemists should be strictly followed, especially for official 
work, and when comparison with other data is made. The latest reports 
should be consulted because these methods are constantly undergoing 
study and revision by the referees of the Association. 

Gasometric Estimation by Combustion with Copper Oxide. — By the com- 
bustion in copper oxide of a substance containing nitrogen and the con- 
duction of the products of the oxidation over red-hot copper oxide and 
metallic copper, all the nitrogen j)resenl in whatever form will be ob- 
tained in a free state and can subsequently be measured as a gas. The 
air originally present in all parts of the apparatus must first be removed 
by a mercury pump, by carbon dioxide, or by a combination of the two, 
the residual carton dioxide being absorbed by a solution of caustic 
alkali. Great delicacy of manipulation is necessary to secure a perfect 
vacuum; as a rule a small quantity of gas other than nitrogen may be 
measured, so that the results of the analyses are often a trifle too high. 
The former official gasometric method may be used for the determination 
of nitrogen in any form of combination and also for special work. In 
1927 it was removed from the official methods, but it may be found in 
both the 1920 and 1925 editions of Methods of Analysis, A, O, A. C. 
It has practically gone out of use owing to the precautions necessary 
to take to obtain complete combustion and to avoid a consequent deficit 
in the volume of nitrogen obtained, but especially on account of the time 
required and the inability to run a number of determinations at a time. 
Official chemists rarely use it even for control work on samples sent out 
for comparative analysis, 

Soda-Lune Process. — This process, originally perfected by Varrentrap 
and Will and improved by Peligot, was used extensively by analysts until 
about 1890 for the determination of nitrogen not existing in the nitric 
form. It is based on the principle that when nitrogen exists as a salt of 
ammonia, as an amide, or as proteid matter, it is converted into gaseous 
ammonia by combustion with an alkali. This ammonia can be carried 
into a standard solution of acid by a stream of gas free of ammonia and 
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the excess of acid remaining after the combustion is complete can be 
<leterniined by titration against a standard alkali solution. The results, 
under proper conditions, are accurate even when a small quantity of 
nitric nitrogen is present. When, however, there is any considerable 
quantity of nitric nitrogen in the sample, the method becomes inac- 
curate by reason of non-reduction of some of the nitrogen oxides pro- 
duced by the combustion. 

In bodies very high in nitrogen, such as urea, all the nitrogen is not 
changed into ammonia at the commencement of the combustion. A jxir- 
tion of it may unite with a part of the carbon to form cyanogen, which 
may unite with the soda to form sodium cyanide. With an excess of 
alkali, however, and prolonged combustion this product will finally be 
decomposed and all the nitrogen will he secured as ammonia. 

The nascent hydrogen that unites with the nitrogen during the com- 
bustion is derived from the organic matter, which alw^ays contains enough 
carbon to decompose the water formed. While at first the hydrogen may 
unite with the oxygen, it again becomes free by the oxidation of the car- 
bon, and in this condition it unites with the nascent nitrogen to form am- 
monia. In addition to carbon dioxide, ammonia and free hydrogen there 
may also be found among the products of combustion marsh and olefiant 
gases and other hydrocarbon compounds which dilute, to a greater or less 
extent, the ammonia formed and help to carry it out of the combustion 
tube and into the standard acid. 

The Combustion Method for Ammonidi ~l<c(igruts and Atparntus.— ii) 
Standard solutions and indicator . — Same as for the Kjeldahl method. 

(2) Dry granulated soda-iinu\—V\ru: enough to t>ass a 2.5 mm. sieve. 

(3) Soda-lime — Fine enough to pass a 1.25 mm. sieve. 

r repared easily and cheaply by slaking 2.5 parts of quicklime with a strong 
solution of 1 part of commercial caustic soda, taking care to have enough water in 
the ‘‘olution to slake the lime. Dry the mixture and heat in an iron jiot to incipient 
fusion; when cold, grind and sift as directed above. 

(4) Sodium carbonate and lime or slaked lime. — Instead of soda-lime, use a 
mixture of sodium and calcium carbonate, or slaked lime. 

(5) Aiibestos. — Ignite and keep in a glass-stoppered bottle. 

(6) Combustion tubes. — About 40 cm. long and with an internal diameter of 
12 mm., drawn out to a closed point at one end. 

(7) V-tuhes. — Large-bulbed U-tubes with glass stopcock, or WilFs tubes with 
four hulhs. 

Manipulation, — Powder the substance to be anab^zed finely enough to pass 
through a sieve of i mm. mesh and use o,7-i.4 gram, according to the quantity of 
nitrogen present. Put a small loose plug of asbestos into the closed end of the 
combustion tube and upon it to the depth of about 4 cm., fine soda-lime. Mix the 
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substance to be analyzed in a porcelain dish or mortar thoroughly but quickly, with 
enough fine soda-lime to fill approximately i6 cm. of the tube, or about 40 times as 
much soda-lime as substance, and put the mixture into the combustion tube as 
quickly as possible by means of a wide-necked funnel, rinsing out the dish and 
funnel with a little more fine soda-lime, which is to be put in on top of the mixture. 
Fill the rest of the tube to within about 5 cm. of the end with granulated soda-lime, 
making it as compact as possible by tapping the tube gently while holding in a 
nearly upright position during the filling. The layer of granulated soda-lime should 
not be less than 12 cm. Lastly, put in a plug of asbestos about 2 cm long, press 
rather tightly, and wipe out the end of the tube to free it from adhering particles. 

Connect the tube by means of a well-fitting rubber .stopper or cork with the 
U-tube or Will’s bulb, containing 10 cc. of standard acid, and .so adjust it in the 
combustion furnace that the end of the tube projects about 4 cm. from the furnace, 
suitably supporting the U-tube or Will’s bulb. Heat the portion of the tube con- 
taining the granulated soda-lime to a moderate redness ; then extend the heat grad- 
ually through the portion containing the substance so as to keep up a moderate and 
regular flow of ga.ses through the bulbs, maintaining the heat of the first part until 
the whole tube is heated uniformly. Continue the combustion until gases have 
ceased bubbling through the acid in the bulbs and the mixture of substance and soda- 
lime has become white, or nearly so, which shows that the combustion is finished. 
The combustion should occupy about 45 minutes, but not more than one hour. Ex- 
tinguish the burners and when the tube has cooled below redness break off the 
closed tip and aspirate air slowly through the apparatus for 2-3 minutes to bring 
all the ammonia into the acid. Disconnect the tube, wash the acid into a beaker or 
flask, and titrate with the standard alkali. 

During the combustion keep the end of the tube projecting from the furnace 
heated sufficiently to prevent the condensation of moisture, yet not enough to char 
the stopper. The heat may be regulated by a shield of tin slipped over the project- 
ing end of the combustion tube. 

It is found advantageous to attach a Bunsen valve to the exit tube, which allows 
the evolved gases to pass out freely but prevents a violent sucking back in case of 
a sudden condensation of steam in the bulbs. 

It often happens, especially in the the combustion of animal products, 
such as tankage and fish scrap, that the acid receiving the ammonia is 
deeply colored by the condensation of some of the other products of 
combustion. This coloration interferes seriously with the delicacy of 
the indicator used to determine the end of the reaction. In this case 
the liquid may be mixed with an alkali and distilled, and the ammonia 
secured in a fresh portion of the standard acid as in the moist com- 
bustion process to be described. 

General Considerations. — (i) Preparation of the Sample.— In the soda- 
lime method it is of great importance that the organic substances be in a 
fine state of subdivision so as to admit of intimate mixture with the 
alkali. In cases where fragments of hoof, horn, hair, or similar substances 



methods ]?or determination of totat^ nitrogen 235 

are to be prepared for combustion, it is advisable first to decompose them 
by heating with a small quantity of sulfuric acid. The excess of acid may 
be neutralized with marble dust and the resulting mixture dried, rubbed 
to a fine powder, and mixed with the soda«lime in the usual way. Care 
must be taken not to lose any of the ammonia from the sulfate, which 
may possibly be formed, in mixing wdth the soda-lime in filling the tube. 

(2) Purity of Soda-Lime. — -The soda-lime used must be entirely free 
of nitrogenous compounds, and blank comt)UStions should be made to 
establish its purity or to determine the magnitude of the corrections to be 
made. 

(3) Temperature. — The temperature of the combustion should not be 
allowed to exceed low redness. At very high temperatures there would be 
danger of decomposing the ammonia. 

(4) Aspiration of Air. — Before aspirating a current of air through 
the tube to remove the last traces of ammonia, the gas under the furnace 
should be turned out and the tube allowed to cool below redness. 

Ruffle Soda-Lime Method. — Many attempts have been made to adapt 
the soda-lime methods to the determination of nitric nitrogen. Of these, 
the process devised by Ruffle is the only one that has proved successful.^ 
The method is founded on the action of sulfurous vapors on the nitrogen 
oxides produced during the combustion, whereby sulfuric acid is formed 
and the nascent nitrogen is joined with hydrogen to form ammonia. By 
this process all the nitrogen contained in the sample, even if in the 
nitric form, is finally obtained as ammonia. In the original method the 
reagents employed were sodium thiosulfate, soda-lime, charcoal, sulfur, 
and granulated soda-lime. Subsequently, the official chemists substituted 
sugar for the charcoal.- The method was used for a long time by the 
official chemists and came into general favor until displaced by the simpler 
and cheaper processes of the moist combustion method adapted to nitric 
nitrogen. As finally modified and used by the official chemists, the process 
is conducted as follows.® 

Reagents and Apparatus, — (i) Standard solutions and indicator. — Same as in 
the Kjeldahl method. 

(2) Mixture of fine-slaked lime and finely powdered sodium thiosulfate . — 
Equal parts by weight of each dried at 100° C. 

(3) Mixture of finely powdered granulated sugar and flowers of sulfur . — 
Equal parts by weight of each. 


’ 7 . Chem . Soc .^ 39 , 87 (1881). 

* U. S. Dept. Agr. Div. Chem. Bull. 16 , 51 (1887). 
46 , rev. ed., 19 (1899). 
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(4) Granulated soda-lime. — Same as described under the soda-lime method. 

(5) Combustion tubes. — Hard Bohemian glass, 70 cm. long and 1.3 cm. in 
diameter. 

(6) JS-tubes. — Largc-buibcd U-tiibes with glass stopcock, or Will's tubes with 
four bulbs. 

Manipulation. — ClLun the U-tube and introduce 10 cc. of standard acid. Fill 
the tube as follows: (i) Place a loosely fitting plug of asbestos, which has been 
recently ignited, in the end of the tube to l)e attached to the absorption apparatus, 
atid add 2.5-3.S cm. in depth of the thiosulfate mixture. (J) Mix intimately the 
portion of the substance to be analyzed with 5-10 grams of the sugar and sulfur 
mixture. (3) Pour on a piece of glazed paper or in a porcelain mortar a sufficient 
quantity of thiosulfate mixture to fill a depth of about 25 cm. of the tube, add the 
material as previously prepared, mix carefully, and pour into the tube ; shake down 
the contents of the tube; clean the i^iper or mortar with a small quantity of the 
thiosulfate mixture and t)our into the tube; and fill up with soda-lime to within 5 
cm. of the end of the tube. (4) Place another plug of ignited asbestos at the end 
of the tube and close with a cork. (5) Hold the tube in a horizontal position and 
tap on the table until there is a gas-channel along the top of the tube. (6) Make 
connection with the U-tube containing the acid and aspirate, taking care that the 
apparatus is tight. 

Combustion. — Place the prepared combustion tube in the furnace, letting the 
ends project, so as not to burn the corks. Commence by heating the soda-lime por- 
tion until it is brought to a full red heat. Then turn on slow’ly jet after jet toward 
the outer end of the tube, so that the bubbles come off at the rate of two or three 
a second. When the w^hole tube is red hot and the evolution of the gas has ceased 
and the liquid in the U-tube begins to recede toward the furnace, attach the aspi* 
rator U> the other limb of the U-tube, break off the end of the tube, and draw a 
current of air through for a few minutes. Detach tlie U-tube and wash the con- 
tents into a beaker or porcelain dish ; add a few drops of the cochineal solution, and 
titrate. 

It is much more satisfactory to adhere to the earlier directions for pre- 
fiaring the mixture of thio.sulfate and alkali and to make the mixture with 
soda-lime and without the j^revioiis drying of the sodium salt. Ruffle him- 
self says that the .sodium thiosulfate should be dry, but should not be 
deprived of its water of crystallization. The best method to dry the salt 
without de})riving it of its crystal water is to press it between blotting 
papers. As is seen from the description the method is essentially a reduc- 
tion process by the action of a jX)werful deoxidizer in the presence of an 
alkali. The crystals of the thiosulfate salt cannot be brought into direct 
contact with a pure alkali, like soda or potash, without forming at once a 
wet mass, which would tend to cake and obstruct the tube. The soda- 
lime, therefore, is a mechanical device to prevent this fusion. Where many 
analyses are to be made, an iron tube, for economical reasons, may be 
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substituted for the glass, but the glass tube peniiits a clearer observation. 
If charcoal is used it should be previously boiled with caustic soda or 
potash solution, dried, powdered, and preserved in well-stoppered bottles. 
Although pure sugar is practically free of nitrogen, it is advisable to niake 
a blank determination occasionally and thus ascertain the correction to be 
made for possible contamination. 

MOIST COMBUSTION PROCESS 

As long ago as 1868 Wanklyn' proposed to conduct the combustion 
of organic bodies in a wet way, using potassium permanganate as the 
oxidizing body. About 10 years after this he attempted to extend the 
method so as to estimate the quantity of proteid nitrogen in a sample by 
treatment with an alkaline solution in presence of the permanganate salt. 
It is needless to state that the process of Wanklyn proved to be of no 
practical use whatever, since it acted differently on different albuminoid 
matters, and even on the same substance. No other attempt was made 
to perfect the moist combustion process until Kjeldahl- introduced the 
sulfuric acid method in 1883. The sim])licity, economy, and adaptability 
of this method brought it into general use. At first the process was 
applied only to organic nitrogenous compounds in the absence of nitrates, 
but the modifications proposed by Asboth, Jcxllbauer, and Scovell extended 
its use to all materials, with the possible exception of a few alkaloidal 
and allied bodies, and it is now generally employed by chemists in all 
countries, not only for fertilizer control, but also for general work. 

Kjeldahl Method. — The process originally proj)osed by Kjeldahl is 
applicable only to nitrogenous bodies free of nitric nitrogen. The principle 
of the process is based on the action of concentrated sulfuric acid at the 
boiling-point in decomposing nitrogenous compounds without producing 
volatile nitrogen combinations and the subsequent completion of the oxida- 
tion by means of potassium permanganate. The original process has been 
modified by many analysts, but the basic principle has remained unchanged. 

Original Procedure . — The substance is placed in a small digestion flask ot 
resistant glass. Liquids that are not decomposed on heating are evaporated in a 
thin glass dish, which can be ground up and placed in the digestion flask with the 
desiccated sample. The strongest sulfuric acid is added in siifticient quantity to 
secure complete decomposition. The acid must be free of ammonia and be so kept 
as not to absorb ammonia from the atmosphere of the laboratory. To guard against 

^ /. Chem. Soc,, SI, i6i (x868). 

^Z. anal. Chem.f fll, 366 (1883). 
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danger of error from such an impurity, frequent control determinations should be 
made, i or 2 grams of pure sugar being used as the organic matter. If the acid 
used contains traces of ammonia, the necessary corrections should be made in each 
analysis. 

After the flask is charged, it is placed on a wire gauze over a small flame. The 
organic matter becomes black and tar-like, and soon there is a rapid decomposition, 
attended by the evolution of gaseous products, among which sulfur dioxide is 
found. Particles of the carbonized organic matter left on the sides of the flask by 
the foaming of the mass are gradually dissolved by the vapors of the boiling acid 
as the digestion proceeds. The action of the sulfuric acid is not entirely finished 
when gases cease to be given off, but the digestion should be continued until the liquid 
in the flask is clear and colorless, or nearly so. Usually about 2 hours is required 
to secure this result. For albuminoid bodies it is hardly necessary to continue the 
combustion until all carbonaceous matter is destroyed. The full complement of 
ammonia is usually obtained after an hour’s combustion, even if the liquid is still 
black or brown, but with other nitrogenous l)odies the case is different, so that upon 
the whole it is safest to secure complete decoloration. 

The temperature must be maintained at the boiling-point of the acid or near 
thereto, since at a lower temperature the formation of ammonia is incomplete. 
Since all organic substances are dissolved by the boiling acid, the pulverization of 
the material need be carried only far enough to secure a fair sample. Many sub- 
stances, urea, asi>aragin, and the glutens, for instance, give up practically all their 
nitrogen as ammonium sulfate when heated with sulfuric acid. In most of the other 
organic bodies, likewise, fully qo per cent of the nitrogen is secured as the am- 
monium salt. In the aromatic comi>ounds, or even in the form of amide in aniline 
salts, the nitrogen is more resistant to the action of sulfuric acid. In the alkaloids, 
where the nitrogen is probably a component of the cyclic skeleton, the formation of 
ammonia is very incomplete. But even in the cases where the conversion of the 
nitrogen into ammonia is practically perfect, Kjeldahl found it advisable to finish 
the process by completing the oxidation with potassium permanganate. The per- 
manganate in a dry powdered form is added little by little to the hot contents of the 
digestion flask, the latter being held in an upright position and removed meanwhile 
from the lamp. When carefully performed there is no danger of loss of ammonia, 
although the oxidation is at times so vigorous as to be attended with evolution of 
light. The permanganate must always be added in excess until a permanent green 
color is produced. The flask is then gently heated for 5-10 minutes over a small 
flame. If the heating is too vigorous, a strong evolution of oxygen will take place, 
with reduction of the manganese compound, the liquid again becomes clear, and there 
is a loss of ammonia. 

After cooling, the contents of the flask are diluted with water, the green color 
giving place to a brown, with a rise of temperature. After cooling a second time, 
the mixture is transferred to a distillation flask of about three-quarters of a liter 
capacity and attached to a condenser which ends in a vessel containing standard sul- 
furic acid. To prevent bumping, some zinc dust is added to secure an evolution of 
hydrogen during the progress of the distillation. About 40 cc. of sodium hydrox- 
ide solution of 1.3 specific gravity is added, and the stopper is inserted at once to 
prevent any loss of ammonia. In this case the bumping is prevented until near the 
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end of the operation, when it begins anew, probably by reason of the separation of 
solid sodium sulfate. After the distillation the excess of acid remaining in the re- 
ceiver is determined by a standard alkali solution, and thus the quantity of am- 
monia obtained is easily calculated. 

Kjeldahl preferred to titrate the solution after adding potassium iodatc and 
iodide, a mixture which in the presence of a strong acid sets free a quantity of 
iodine equivalent to the free acid present. The iodine is then titrated by a standard 
solution of sodium thiosulfate, starch being used as an indicator. The merits of 
this method are the sharpness of the end reaction and the possibility of using only 
a small quantity of the nitrogenous body for the combustion. 

Theory of the Reactions , — ^As is apparent from the preceding discussion, 
the final product of heating a nitrogenous organic compound with sulfuric 
acid and an oxidizing body is ammonium sulfate. The various .steps by 
which it is obtained have been traced by Dafert.^ 

Ci) The sulfuric acid abstracts from the organic matter the elements of water. 

(j) The sulfur dioxide produced by the action of the residual carbon on sul- 
furic acid exercises a reducing effect on the nitrogenous bodies present. 

(3) From the nitrogenous bodies produced by the above reduction ammonia 
is formed by the action of an oxidizing body, 

(4) The ammonia formed is at once fixed by the acid as ammonium sulfate. 

According to the theory of Asbothr the hydrogen that is formed dur- 
ing the action of sulfuric acid on organic matter, when in a nascent state, 
also aids greatly in the i)roduction of ammonia. This idea is based on the 
fact that with those bodies which afford a deficit of hydrogen the forma- 
tion of ammonia is imperfect. 

Modifications of the Kjeldahl Process. — The moist combustion process 
has undergone many changes since the first papers of its author were pub- 
lished. They shorten the time of digestion, increase the accuracy, or 
widen the scope of the materials to which it may be applied. These changes 
may be divided into three classes as follows : 

(i) Those changes that refer solely to the quantities of substance used 
for analysis, to the comixisition of the acid mixture, to the duration 
of the digestion, to the fonn and size of the flasks for digestion and 
distillation, and to the manner of distillation and of titration. Instead 
of titrating by means of separated iodine, most chemists titrate the 
excess of acid by a standard solution of an alkali. Ammonium, bar- 
ium, sodium, and ix)tassium hydroxides are the alkaline solutions usually 
employed. This method permits the use of a larger quantity of the sample 

* /f. anal, Chem., 84 , 45*; (1885). 

s Chem. Zrntr., 165 (1886). 
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and of a larger quantity of acid in the receiver; it also implies the use 
of a larger digestion flask. In fact, it is now the custom to make the diges- 
tion in a special glass flask large enough to be used also for the distillation. 
This saves one transfer of the material with the ix)ssible danger of loss. 

(2) Those changes that involve the introduction of a substance dur- 
ing the digestion for the purpose of accelerating the oxidation. In the 
original process the only aid to oxidation was the potassium j:)ermanganate 
applied at the end of the digestion. In some of the modifications now 
under consideration a metallic oxide or metal is applied at the beginning 
of the digestion. Copi)er or mercury are the metals usually employed. 
This modification, known as the process of Wilfarth, will be discussed in 
a separate paragraph. In another modification, potassium sulfate or sodi- 
um sulfate is added to increase the temperature of the digestion and accel- 
erate the process. This will be di.scussed under the Gunning method. 

(3) Those changes, which are even more radical in nature, that have 
for their object the adaptation of the moist combustion method to oxidized 
nitrogen (nitrates). The chief feature of this class of changes is the 
introduction of an organic substance easily capable of forming nitro com- 
pounds, for the purpose of holding the oxides of nitrogen and helping 
finally to reduce them to ammonia. The principal changes were proposed 
by Asboth, Jodlbauer, and Scovell ; they will also be discussed in separate 
paragraphs. 

Method of Wilfarth } — The basis of this modification rests on the fact 
that certain metals have the power of carrying oxygen and thus assisting 
in a catalytic way in the combustion of organic matter. Copper and mer- 
cury are best adapted for this purpose, and experience has shown that 
mercuric oxide or metallic mercury gives the best results. The sample is 
heated with sulfuric acid. To this is added about 0.7 gram of mercuric 
oxide prepared in the wet way from a mercury .salt free of nitrogen. From 
o.i to 0.3 gram of copper sulfate may be used in addition to the mercury 
or in place of it. The digestion takes place in the usual Kjeldahl flask. 
If the boiling is continued until the liquid is entirely colorless, final oxida- 
tion with potassium permanganate is unnecessary. If mercury is used, 
a sufficient quantity of potassium sulfide or sodium thiosulfate is added 
before distillation to precipitate all the mercury as sulfide and thus pre- 
vent the formation of mercurammonium compounds which would pro- 
duce a deficit of ammonia. The reaction that takes place when sodium 


^ Chent. Centr., 1885, 113. 
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thiosulfate is used to precipitate the mercury is represented by the follow- 
ing formula : 

/NH,. 

Hg< >SO* + Na,S,0 . . 5H,0 = 

HgS + (NH,),SO, + Na,SO, + 4H,0. 

A convenient strength of the sulfide solution is obtained by dissolving 40 
grams of potassium sulfide in i liter of water. If copper is used instead 
of mercury, the addition of potassium sulfide is unnecessary. 

When a large excess of potassium sulfide is used, an evolution of hydro- 
gen sulfide occurs, but its i)resence does not influence the accuracy of 
the results. The presence of mercuric sulfide in the solution helps to 
prevent bumping during the distillation, nevertheless it is advisable to use 
a little zinc. 

Paul and Berry ^ found that there may l)e a loss of 2-25 per cent of am- 
monia when mercury is used during digestion if the mercury is not preeijn- 
tated by sulfide or thiosulfate before the distillation. Copper does not cause 
a loss in this way, and the use of sulfide or thiosulfate is not necessary 
when copper is used without mercury. 

Gunning Hoist Combustion Process. — ^The modification proposed by 
('running- is based ut)on the observation that in the ordinary Kjeldahl 
jirocess the excess of sulfur trioxide in the beginning of the oj)eration 
soon escapes. During the progress of the combustion the acid diminishes 
in strength until it is below the concentration represented by the formula 
and in this diluted condition the oxidation takes place more 
slowly. Gunning proposes to avoid this difficulty by mixing ]X)tassium 
sulfate with the sulfuric acid. This salt, with the sulfuric acid, forms 
acid salts, which, when heated, Io.se water more readily than does acid, 
and, as is well known, act as decomposing oxidizing media even in a higher 
degree than sulfuric acid, resembling the action of sulfuric acid at high 
tem])eratures when under pressure. 

By heating this mixture of sulfuric acid and jKitassium sulfate with 
organic matters in an oj)en vessel, the w^ater originally present, and also 
that which is formed during the oxidation, is driven off without loss of 
acid. For this reason instead of the oxidizing mixture becoming weaker, 
the acid becomes stronger, the boiling-iX)int rises and this, combined with 


‘ y. Assoc. Official Ayr. (hem., 5. io8 (lo^i). 
»2. anal. Chew., 2B, i88 (1880). 
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the fluidity of the mass, favors the decomposition and oxidation of the 
organic matter in a constantly increasing amount. 

The mixture used by Gunning consists of one part of potassium sulfate 
and two parts of strong sulfuric acid. The substances are united by 
heat, and when cooled are in a semi-solid state ; they melt easily, how^ever, 
on the application of heat and assume a condition that permits pouring 
from vessel to vessel. The quantity of the sample should vary in pro- 
portion to its nitrogenous content from half a gram to a gram. The com- 
bustion takes place in flasks similar to those used in the ordinary Kjeldahl 
process. In the case of liquids, they should be previously evaporated to 
dryness before the addition of the oxidizing mixture. At the beginning 
of the combustion there is a violent foaming, attended with evolution of 
some acid and much water, and afterwards of stronger acid. This loss of 
acid should not be allowed to go far enough to produce too great concen- 
tration of the material in the flask. As soon as the foaming ceases the 
flame should be so regulated that the volatilized acid will condense upon 
the sides of the flask. In the end a colorless mass is obtained in which no 
metals are present, and this mass can be diluted at once with water, treated 
with alkali, and distilled. According to the nature of the substance, from 
30-90 minutes is required for the complete combustion. 

Eeactions of the Gunning Process. — The various reactions that take place 
during the combustion according to the Gunning method have been tabu- 
lated by Van Slyke.^ 

The first reaction to take place is the union of sulfuric acid and potas- 
sium sulfate to form potassium acid sulfate in accordance with the follow- 
ing equation: (i) K^SO^ + = 2KHSO4. When heated the 

potassium acid sulfate decomposes forming potassium disulfate and water, 
thus: (2) 2KHSO4 = K2S2O7 -f* H/). The potassium disulfate de- 
composes at a higher temperature, forming normal potassium sulfate and 
sulfur trioxide, thus: (3) KsS^O- = K2SO4 -j- SO3. At a sufficiently 
high temperature the two preceding reactions may take place in one, thus : 
2KHSO4 = K2SO4 HgO -4- SO3. At the temperature at which these 
reactions take place, the water that is set free does not recombine with 
the sulfur trioxide nor with the sulfuric acid that is present in excess, 
but it is expelled from the mixture; hence the mixture becomes more 
concentrated during the digestion. The sulfur trioxide set free acts upon 


* U. S. Dept, Agr. Chem. Bull. 68 (1892). 
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the organic matter in the powerful manner peculiar to it, and the potas- 
sium sulfate, formed in the last reaction, unites with another molecule of 
sulfuric acid, and the same round of reactions is repeated continuously 
so long as there is an excess of free sulfuric acid present in the mixture. 
As the liquid becomes more concentrated with the continuation of the 
digestion, the boiling-point rises so that the effect is the same as heating 
under i)ressure. The danger of too great concentration and risk of con- 



Fig. I. — Modem Digestion Apparatus for Nitrogen Determinations. 


sequent loss of nitrogen is avoided by using larger proportions of sulfuric 
acid. 

As compared with the Kjeldahl, the Gunning method presents the fol- 
lowing advantages : 

(i) The Gunning method requires fewer reagents. As no form of 
mercury is used, no potassium sulfide is needed, and there is no risk of 
loss from the presence of mercurammoniuni compounds. 
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(2) The solution to which caustic soda is added is clear, therefore in 
neutralizing it is an easy matter to avoid great excess of alkali, and in 
most cases to avoid foaming and bumping in distillation. 

Development of the Moist Combustion Process in the A.O.A.C. — 1 'he 
chief changes in the Kjeldahl method, which as printed in 1889 required 



Kij- ^ — Moiern Of^ttllation and Accessory Equipmuit for N.lrojjen Determinations. 


the Use of mercuric oxide, consist in the optional use of copper sulfate in 
jdace of mercury ( 1908) ; the discontinuance of the use of potassium per- 
manganate (1917); and the optional use of sodium thiosulfate to pre- 
cipitate mercury in place of potassium sulfide (1924). 

The use of salicylic acid to adapt the Kjeldahl method for use in the 
]>resence of nitrates was propo^^ed by M. A. Scovell in 1887 and studied 
by him, as reporter, in 1889. The chief change in this method since 1889 
consists in the optional reduction with sodium thiosulfate instead of zinc 
dust, recommended by William Frear in 1891. 

The Gunning method was recommended by Frear in 1891 ; studied by 
L. L. Van Slyke, reporter, in 1892; and adopted in 1892. The Gunning 
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method modified for nitrates was studied by C. L. Parsons, reporter, in 
1893 and adopted that year. The method that uses both potassium sulfate 
and mercury was adopted in 1915, but for some reason it was not printed 
in the methods at that time. It was later adopted under the name of the 
Kjeldahl-Arnold-Gunning method. 



Fig. 3. — Nitrogen Di&tillation Bulbf.. 

Official Ejeldahl Method (not applicable in the presence of ni- 
trates). — In order to determine if the sample contains nitric acid or 
nitrates, apply the following test: 

Mix 5 grams of the fertilizer with 25 cc. of hot water and filter. To a portion 
of this solution add two volumes of concentrated sulfuric acid, free from nitric 
acid and oxides of nitrogen, and allow the mixture to cool. Add a few drops of 
concentrated solution of ferrous sulfate cautiously, so that the fluids do not mix. 
If nitrates are present, the junction shows at first a purple, afterwards a brown 
color, or if only a very minute quantity is present, a reddish color. To another 
portion of the solution add i cc. of dilute solution of nitrate of soda (3 grams to 
300 cc.) and test as l)efore to determine whether sufficient sulfuric acid was added 
in the first test. The method was puhli.shed in both the 1920 and 1925 editions of 
Methods of Analysts, A. O. A. C. 

The use of mercuric oxide in distillation greatly shortens the time 
necessary for digestion. The potassium sulfide removes all the mercury 
from the solution and so prevents the formation of mercurammonium 
compounds, which are not completely decomposed by soda solution. The 
addition of zinc gives rise to an evolution of hydrogen and prevents violent 
bumping. Previous to use the reagents should be tested by a blank ex- 
periment with sugar, which will partially reduce any nitrates that are 
present and that might otherwise escape notice. 
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Official Gunning Method. — This method is published in all editions of 
Methods of Analysis, A, O, A. C. In distilling, the use of zinc or of some 
substance to prevent bumping or foaming is generally necessary. The 
amount of sulfuric acid recommended by Gunning is 2 grams for each 
gram of potassium sulfate; but Van Slyke found that this mixture is so 
viscous as frequently to cause troublesome foaming, and that after cooling 
it cakes in a hard mass, which may be difficult to redissolve. To avoid 
foaming and caking, he found it effective to increase the quantity of sul- 
furic acid and to use 3 or 4 grams of acid to i of potassium sulfate 
instead of 2 grams to i of potassium sulfate. It is therefore suggested 
that from 15 to 25 cc. (ordinarily about 20 cc.) of sulfuric acid be 
used for 10 grams of potassium sulfate. In case the potassium sulfate 
is not free from nitrogen compounds, one or two recrystallizations will 
make it pure. 

Kjcldahl Digestion Apparatus . — In the Kjeldahl method the digestion of 
the sample with sulfuric acid is usually conducted in special pear-shaped 
flasks called Kjeldahl flasks, which are made of resistant glass such as 
Pyrex or Jena. If the material is to be transferred to another flask for 
distillation, the capacity is about 250 cc., while if the distillation is to be 
made from the same flask, the capacity is 500 or 800 cc. 

The digestion with acid is usually made with the flasks in an inclined 
position, wdth their necks connected with a tube to carry off the fumes, 
which are very irritating. The tube may be made of lead, be about 5 
inches in diameter, have openings about 4^/2 inches apart and be just large 
enough to receive the necks of the flasks; it is connected with a flue by 
means of another lead tube. A Duriron tube especially made for the pur- 
pose, with nipples to receive the flasks, may be used. 

The draft may be natural, but a forced draft by means of a flame, air 
jet, steam jet, or fan, is preferable. If a fan that comes in direct con- 
tact with the fumes is used, it should be made of lead, Duriron or some 
other resistant metal or alloy. An iron pipe anywhere in the system may 
soon be closed completely with sulfate of iron. The use of a good fan 
renders the use of a hood unnecessary. Provision should be made to col- 
lect the acid that condenses. 

The digestion flasks may be heated by gas or electricity. Gas of a 
proper quality is easily adjusted and regulated. A good arrangement con- 
sists of six or more gas burners, each set on a gas cock in an iron pipe. 
The distance between the burners should depend on the distance between 
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the centers of the hole or nipi)les in the fume pipe that receives the diges- 
tion flasks. These burners can easily I^e replaced. 

Discussion of Details. — Precautions Necessary during Digestion. — If the 
digestion flask is exposed to the flame above the acid during digestion, loss 
of ammonia may result, especially when a short flask is used or the con- 
tents of the flask are boiled to a small volume. When the contents of the 
flask were boiled to a volume of about 5 cc., Paul and Berry found losses 
of 13-18 per cent of the nitrogen when potassium sulfate was not used, 
and 2.5-4 per cent when it was used. Losses are prevented if the volume 
of the liquid is left well above 10 cc. Asbestos guards may be used to pre- 
vent the flame from touching the glass above the liquid. They consist of 
a sheet of asbestos about % inch thick, with holes of such size that only 
the part of the flask below the liquid is exposed to the flame. Hibbard^ 
decided that the loss when the acid was boiled too low w^as caused by 
driving off too much acid and not by the flame heating the flask above the 
level of the acid. 

When protein substances are heated too rapidly at the beginning of the 
digestion, particularly when acid has not come in contact with all of the 
sample, low results are obtained owing to the loss of nitrogen in volatile 
forms, possibly by charring of particles by the heat. In order to overcome 
this loss, the acid should be mixed with the sample and the sample should 
be digested slowly and carefully at first. This period, or that required for 
the expulsion of water when aqueous solutions are under examination, 
should not be considered as part of the time required for digestion. Only 
the time of actual boiling of the sulfuric acid should be counted. Decol- 
orization of the mixtures is not a safe indication of complete hydrolysis. 
In some cases, as with pyridin derivatives, the digestion mixture may be 
colorless, even though little or no hydrolysis to ammonium sulfate has 
taken place; while in other cases, as when an excess of carbohydrates is 
present, the mixture may still be discolored after all the nitrogen has 
been converted to ammonium sulfate. 

Special Rubber Stoppers for Kjcldahl Distillation. — Under the hard 
usage required by the Kjeldahl method, the angle of the ordinary rubber 
stoppers becomes greater, the stopper is harder to fit, and work is lost or 
the stoppers require frequent replacement. The special rubber stoppers 
devised by the Bureau of Chemistry and Soils of the United States De- 
partment of Agriculture are more durable; they also have a less acute 
angle and so fit the flask better. The stoppers for 500 cc. flasks are 31 


^ Jnd. Bng. Chern,, 8, 463 (i«)io). 
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mm. at the large end, 28 mm. at the small end, and 31 mm. long with a 
9 mm. hole. The stoppers for 800 cc. flasks are 31 mm. at the small end, 
34 mm. at the large end, and 31 mm. long with a 10 mm. hole. 

Measuriftg Reagents. — The mercuric oxide or powdered copper sulfate 
may he added by means of a small spoon holding approximately 10 grams ; 
pellets containing 0.7 gram of mercuric oxide may now be purchased. 
Mercury may be measured by means of a spoon, or in a mercury measuring 
apparatus. An apparatus for metallic mercury can be made from a sepa- 
ratory funnel that has a stopcock with a hole of suitable size by stopping 
the hole in the stopcock with litharge and glycerol or other cement, and 
then making a hole of the required size on one side or on both sides of the 
stopcock. Mercury is delivered by turning the stopper. A similar ap- 
paratus may be made of metal. 

Kjeldahl Distillation Apparatus. — ^The Kjeldahl distillation apparatus 
consists essentially of a block-tin tube in a tank or tub cooled by water, 
with a scrubber-bulb tube at the upi)er end to prevent alkali spray from 
going over, and a bulb tube at the lower or receiving end to prevent the acid 
in the receiver from being sucked back far enough to come in contact 
with the tin tube. 

The connecting bulbs and the condensers are made in a variety of forms. 
The condensers are usually arranged in sets of six or more. The tin tubes 
may be run through coi)])er tanks, six or more to a tank, or they may run 
singly through iron pipes so arranged that water can be run through them 
singly or in groups. The end of the bulb tube should dip into the acid, 
diluted to alK)ut 100 cc., and the distillate should have a lower temperature 
than the acid, otherwise it may rise to the surface of the acid and cause 
loss of ammonia. I'his has actually been observed. Beakers, flasks or 
even milk bottles or fruit jars, may be used as receivers for the distillate. 

It is usually well to color the acid with the indicator to be used ; then a 
change in color will indicate too little acid, and additional quantities can 
be added if necessary. If the quantity of acid is not sufficient to neutra- 
lize all the ammonia, the results are frequently inaccurate. 

Use of Zinc in the Distillation. — The use of a small amount of granu- 
lated zinc (20 or 40 mesh) during the distillation is always advisable to 
prevent bumping, which sometimes occurs with such explosive violence as 
to Mow the stopper out of the Kjeldahl flask and spray hot caustic soda 
solution over the room and on the clothing or even into the eyes of the 
analyst. 
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The use of an excess of zinc, however, should be avoided as it may re- 
sult in the distillation of some mercury into the condenser. This will 
injure block tin coils, though it may not affect the analysis. 

Copper Distilling Flasks . — To avoid the expense and annoyance at- 
tending the breaking of the distilling flasks, Patrick^ proposed to make 
them of copper. A half -liter size, as made for the evolution of oxygen for 
experimental purposes, may be used. A little excess of potassium sulfide 
is used to make up for that which might be consumed by the copper. 
About 25 cc. of this solution is recommended. No zinc or pumice stone 
is required to prevent bumping, and the distillation may be finished within 
30 minutes. A slight corrosion of the flasks may be caused by the sulfide 
emj>loyed, but if the Ciinning oxidation jirccess is jiractised, thi^ danger 
would be avoided. 

Quantity to Distil . — The official method states that 150 cc. of the dis- 
tillate will generally contain all the ammonia. Hibbard experimented with 
different quantities of distillate and found that 75 cc. contained nearly all 
the ammonia. Paul and Kerry, making similar experiments, found that 
practically all the ammonia was distilled over with the first 75 cc. of the 
distillate, and all of it with 100 cc. The requirement of 150 cc. thus ap- 
pears ample. 

Titration of the Solution . — A good light (preferaldy daylight) i.s neces- 
sary during the titration. An electric light under semi-transparent ojial 
glass set in the titration table may be found satisfactory. The change in 
color is most readily detected when the solution to be titrated is placed 
next a similar solution already titrated to slight alkalinity. When many 
titrations are to be made, time is saved by using an overflow buret con- 
nected to a reservoir from which the buret can be filled either by gravity or 
by air pressure. The former method is probably more convenient. 

Calculation of Results . — Calculation is simplified and the work reduced 
by proi)er use of normal weights. If 0.2 N alkali is used, i cc. is equal 
to 0.0028 gram of nitrogen. If 1.4 grams of substance is weighed out, 

I cc. of the standard alkali equals - X too = 0.2 per cent of nitro- 

1.4 

gen. 

The calculation may be further simplified and the work reduced by using 
a fixed pipet and a buret graduated to show the quantity contained in it 
instead of the quantity delivered. With 0.5 N acid and 0.2 N alkali, there 
could l)e used a fixed overflow pipet delivering 20 cc, and a 50 cc. over- 


* U. S. Dept. Afrr- Div. Chem. Bull,, 81 , 144 (1891), 
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flow buret graduated as descril)ed. Both should be connected to reservoirs 
to permit rapid filling. For the analysis 1.4 grams of substance is used, 
and the ammonia is distilled into 20 cc. of 0.5 N sulfuric acid. The 
titration then takes place as usual. The reading of the buret X 0.2 
equals the percentage of nitrogen in the fertilizer. The use of a fixed 
quantity of acid and a buret graduated to show the quantity of alkali in it 
saves calculation and corresponding errors. It requires larger quantities 
of standard acid and alkali, since the amount of acid in the receiver can- 
not be adjusted to the nitrogen in the substance under analysis. 

In some laboratories, 1 gram of substance, or a similar even weight is 
used and the result either read from a table, or a special solution is used so 
that I cc. equals an even percentage of nitrogen. In laboratories where 
the acid and alkali are used for other work in addition to the estimation 
of nitrogen, it is generally more convenient to prepare the solutions on 
a normal basis and to use a factor weight. 

Use of Permanganate of Potash Discontinued . — Kjeldahl used finely 
powdered permanganate of potash to complete the oxidation of the organic 
material. L. L. \^an Slyke,^ referee in 1892. found that with the Kjeldahl 
method permanganate was not needed with bone meal, but that it pro- 
duced nearly 0.10 per cent more nitrogen from cottonseed meal. With 
the Gunning method he found the use of permanganate of potash un- 
necessary. Losses of nitrogen due to the use of permanganate in the 
Kjeldahl method were studied by Frear, Thomas and Edisten.^ Deter- 
minations were made by two analysts on several fertilizer samples, with 
and without nitrates, by varying the quantity of permanganate added and 
the manner and time in relation to completion of the heating process. It 
was shown by the results obtained that the loss depends somewhat upon 
the quantity of permanganate, but chiefly upon the time of addition and 
that it might be as much as 0.83 per cent. If the addition was delayed 
for 2 minutes after the mixture was removed from the flame, no loss was 
observed. This implies that there is a critical temperature below which 
the reaction causing the loss does not take place. 

Kjeldahl states that when permanganate is added the reaction is vigor- 
ous enough to cause evolution of light, and that no case of the appearance 
of luminosity was noted when permanganate was added the instant the 
mixture was removed from the flame. This phenomenon occurre(i chiefly 
from 4~i2 minutes after removal from the flame. Kjeldahrs mention of 


* U. S. Dept. Agr. Bur. Chem. Hull. 36, 71. 
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the occurrence of luminosity suggests that the addition of permanganate 
must have been delayed longer than was indicated by the adverb ‘'im- 
mediately/' 

The use of permanganate of potash was also studied by Referee Daudt.^ 
Its use was discontinued in 1917 following the recommendation of Referee 
Phelps.* It should be observed, however, that the experiments of Phelps 
were made with the mercury-|X)tassium sulfate method, not with mercury 
and sulfuric acid alone. 

Sodium Thiosulfate to Precipitate Mercury, — The use of sodium thio- 
sulfate in place of potassium sulfide was recommended by Neuberg® in 
1902. Daudt, the associate referee in 1917, reported that the quantity neces- 
sary for complete precipitation of 0.7 gram of mercury (as sulfide) is i 
gram and that the manner of adding the reagent has no influence on the 
results. 

A. L. Prince,^ the associate referee in 1924, reported that the use of 
sodium thiosulfate as a precipitant for mercury in the Kjeldahl method 
appeared to be quite satisfactory and that its use should be left to the dis- 
cretion of the analyst. The optional use of sodium thiosulfate was adopted 
in 1924.® 

Use of Sodium Sulfate, — Sodium sulfate was used in place of potassium 
sulfate in the Gunning method during the war, owing to the high price of 
potash salts. Its use was adopted officially in 1917^* after work had been 
done by a number of collaborators and referees. Review of the literature 
indicates that while sodium sulfate is satisfactory, potassium sulfate is on 
the whole more effective and is more likely to give maximum results in 
a shorter time. 

Quantity of Potassium or Sodium Sulfate, — The relative quantities of 
sulfuric acid to potassium or sodium sulfate influences the rapidity and 
completeness of the hydrolysis. An excess of sulfuric acid increases the 
length of time required for complete decomposition of the material, or 
produces low results owing to incomplete decomposition. This may ex- 
plain the variations in duplicate analyses or in different laboratories on 
the same sample. Phelps and Daudt." using lead condensers, found for 


‘ Assoc. Official Ayr. Chrm., 4 , 366 
Ubid., 241 . 

Bntr. Chem. Physiol. Path., 2 . 214 (1902). 
*J. Assoc, Official Ayr, Chem., S, 410 (1925). 
Ibtd., 263. 

^ Ibid,, 4 , 241 (i9<io)* 

^ Ibid., % 218 (19^9)* 
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example that when 25 cc. of acid and 10 grams of potassium sulfate were 
used with mercury, incomplete decomposition was obtained, but that when 
15 cc. of sulfuric acid was used with from 10 to 30 grams of potassium 
sulfate excellent results were secured. 

Use of Copper. — Copper, in the form of copjDer sulfate, was recom- 
mended by C. L. Penny in 1907, and the use of o. 1-0.3 gram of copper 
sulfate in addition to mercury or in place of it was adopted in 1908.^ Ac- 
cording to Paul and Berry,- mercury with |X)tassinm sulfate is much more 
effective in reducing the time of digestion than copper; while copper may 
be used, the time of digestion must be longer. Thus, while the maximum 
amount of protein in flour was obtained by digesting with mercury i hour 
after the acid was cleared, it required 3 hours for copper ; wdth powdered 
milk, hour for mercury, 3 hours for copper ; with gelatin, 2 hours for 
mercury, 6 hours for copper; with egg albumin, i hour for mercury, 5 
hours for copper ; w^ith tankage 3 hours for mercury, 7 hours for copper. 
This is the time of digestion after the liquid is clear, not the total time of 
digestion. Quantities of copj^er sulfate varying from o.i to i.o gram 
made little diflference. 

Jensen^ found copper or mercury (with ix)tassium sulfate) equally 
effective with the substances he studied, except wdth dried blood ; in this 
case, hours was sufficient for mercury, but 3 hours was required for 
copper. 

Phelps and Daudt* reported on the use of copper in 1916. The results 
they obtained with the method when they used potassium sulfate with 
copper sulfate in lieu of oxide of mercury, were very satisfactory. The 
oxide of mercury seemed to be a little more effective and rapid in its 
catalytic action than copper sulfate. Perhaps the digestion in the case of 
copper should have been more prolonged than with mercury, as was in- 
dicated by the work of one of the collaborators. Some results on time of 
digestion with potassium sulfate and mercury, obtained when dried blood 
was used, indicated that the maximum nitrogen was reached in 2 hours, 
though there was an increase of only 0.03 per cent over the result obtained 
in I hour digestion. 

Indicators Used . — Cochineal was the indicator specified in the official 
method until 1916, when the Committee on Revision of Methods put in 


1 U. S. Dept. Agr. Div. Chem. Bull. IJtt, 183. 
*7. Assoc, Official Agr. Chem., C, 108 (1921). 
»/. Ind. Chem., 7 , 38 <i9»s). 

*J. Assoc. Official Agr. Chem., 3, 214 (’1917). 
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methyl red. Litmus and rosolic acid have been used, but the official an- 
alyst should use one of the indicators prescribed in the official methods. 

Time of Digestion , — The time of digestion with sulfuric acid depends 
upon the kind of material and the method used. If sulfuric acid and mer- 
cury, or copier, are used, the time required for complete decom|X)sition 
of the substance may be considerably longer than if sulfuric acid, |)otas- 
sium sulfate (or sodium sulfate) and copj)er or mercury are used. As 
already pointed out, the Gunning mercury method is quicker than the Gun- 
ning copper method. 

T. C. Trescot^ found the results by the Gunning mercury method when 
carried out with a i J/2 hour period of digestion were higher than those by 
the Gunning method when the digestion was continued 3-4 hours, ex- 
cepting in the cases of cheese and flour, when they were practically the 
same. They were also practically the same as the results of the Kjeldahl 
method with 3-4 hours’ digestion, excepting in the cases of leather, leather 
waste, linseed meal, and gelatin, in which they were slightly higher. With 
cyanamide it was found necessary to digest for 2^ hours. 

Jensen-' found that digestion of hours was sufficient for the sub- 
stances studied excejit blood, when the Gunning-mercury and Gunning- 
copper methods were used. The Gunning-copper method required 3 hours 
for dried blood. J. M. Pickel*^ studied short jHiriods of digestion and 
found that 30 minutes of vigorous digestion was sufficient for many fer- 
tilizers. However, this short period of digestion is not to be recommended 
for general work. 

Two hours’ brisk digestion is sufficient for usual materials, but longer 
periods will be needed for refractory organic compounds. 

Preparation of Standard Solutions, — The acids now used are hydro- 
chloric acid standardized by silver nitrate, or sulfuric acid tested by barium 
sulfate. In 1889, standard hydrochloric acid was prescribed; it could be 
standardized by means of silver nitrate, by potassium tetroxalate, by so- 
dium carbonate, or by ammonium chloride, in which case the ammonia 
was liljerated with caustic soda and collected in the acid to be tested. The 
use of sodium carbonate was discontinued in 1890. The methods of 
standardization were studied by the referee in 1892.^ All methods for 
standardization except by means of silver nitrate were discontinued in 


^ Ind. Eng. Chem., 5 , 914 (1913). 

7, 38 (X9*S). 

*Jbid., 357 * 

♦U. S. Dept. A«r. Bur. Chem. Bull. 35 , 75, 80. 
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1892,^ The use of standard sulfuric acid was adopted in 1893, Standard 
ammonia was required until 1894, when it was changed to standard alkali, 
with ammonia recommended. 

The preparation of a standard acid is facilitated by the following 
method. 

Prepare the desired quantity and make two or three preliminary titrations. 
Adjust the solution so that it is a little stronger than that desired. If the acid is 
made a little strong in the first adjustment, it may he easily and accurately diluted, 
but if the analyst is so unfortunate as to make it a little weak, the entire process 
must be gone over again. The preliminary adjustment is easily made by the fol- 
lowing method. Suppose 0.5 N sulfuric acid is being made up and titrated with 
0.2 N caustic soda, and it requires 56.4 cc. of the soda to neutralize 20 cc. of the 
acid. A titration of 50.5 cc. of 0.2 N alkali for 20 cc. of acid is desired for the 

56.4 

preliminary preparation of the solution. Then — 1.1168 cc., the volume to 
dilute I cc. If 40 liters of acid has been made up, then I.ii68 X 40,000 = 44,672 
cc., the volume to dilute 40 liters. The acid is now a little strong and must be 
diluted accurately after the strength has been determined by precipitation with 
barium chloride. 

After the preliminary adjustment, the strength of the acid is determined by 
precipitation as barium sulfate, three portions of 10 cc. each being used. Then by 
means of a calculation similar to that already made, the quantity of water to be 
added, or of acid to be diluted to a given volume, is easily calculated and the ad- 
justment made. 

For example : 

10 cc. of 0.5 N acid is found to yield 0.5894 gram of barium sulfate. 

10 cc. of 0.5 N acid should yield 0,5836 gram of barium sulfate 

^ 40,000 = 40,397 cc., volume to dilute 40 liters. 

0.5030 

The same method of procedure can be used for making up any standard solution. 

Care of Standard Solutions , — Standard solutions are liable to change 
and should be tested frequently. If a large quantity is made up, it is well 
to distribute it in bottles of 2-4 liters capacity, filled nearly full and sealed 
with paraffin. If burets or pipets are fed from an aspirator by gravity, 
the solution should be protected by a U-tube containing enough of the 
standard solution to seal the bend, and it should be replaced frequently. 
The aspirator should be of moderate size, about 2 liters. In warm climates 
sulfuric acid and sodium hydroxide are probably preferable to hydro- 
chloric acid and ammonia. Titration of the solutions should be made in 
the same order as in the analyses, that is the alkali should be run into the 
acid. Frequent check titrations should be made, and the solutions should 


* U. S. Dept. Agr. Bwr. Chem. Bull., 91. 
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be adjusted when necessary; if the analyst has not been in the habit of 
making such checks, he may lie surprised at the comparative frequency 
that such adjustments are required, even when the solutions are carefully 
protected. 

The standard alkali should also be titrated against the acid measured 
by the buret or pipet used in the regular analytical work, and these should 
be carefully calibrated. The results should agree with titrations made 
with the use of other calibrated instruments. 

Other Methods of Standardising the Acids. — The use of standard hy- 
drochloric acid is official. It is made by precipitation as silver chloride, 
a highly accurate method when properly carried out. The use of potas- 
sium tetroxalate was at one time official. Sodium carbonate and sodium 
bicarbonate are used by some analysts, but they are not official in the 
A. O. A. C. It is best to follow the official method. Sodium carbonate^ 
is prejiared by heating sodium bicarbonate (or sodium carbonate) of the 
highest i)urity in a i)]atiinim vessel to 270^ C., until the weight is constant. 
It is cooled in a desiccator, and a weighed portion (about 1 gram ) is dis- 
solved in water and titrated with standard sulfuric acid, methyl orange 
being used as an indicator. When the solution becomes slightly red it is 
boiled to remove carbon dioxide, cooled and titrated to the first color 
change. The results are calculated as usual. Sodium bicarbonate may be 
pretiared from a solution of pure sodium carbonate by precipitation with 
carbon dioxide gas, filtration, and washing two or three times with cold 
water. 

Use of Boric Acid to Absorb the Ammonia. — The use of boric acid to 
absorb the ammonia pr(jduced in the various moflifications of the Kjeldahl 
method is interesting, but this method is not official. By use of a suitable 
indicator the ammonia may then be titrated directly. The boric acid re- 
acts neutral to the indicator selected, while the ammonium borate reacts 
alkaline. The use of boric acid also obviates the need for a standard 
alkali, since a 4 per cent solution of boric acid is used as the absorbing 
medium. The boric acid has the disadvantage, however, that it loses am- 
monia if the temperature of the solution becomes 60° C. or more, and it 
also requires a blank on the reagents, partly due to dilution with water. 
Wffien 50 cc. of 4 per cent boric acid is placed in the receiving vessel, no 
blue color is developed on the addition of bromphenol blue, but when 
diluted to 200 cc. the blue color immediately develops and requires about 


10 


’ Oil and Fat Industries, May, 1929, p. 29. 
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0.30 cc. of 14.01 sulfuric acid to cause it to disappear, according to 
Markley and Hann.^ A similar effect occurs with methyl orange. A blank 
of 0.30 cc. acid would be subtracted under the conditions given above. The 
indicator solution may be made by heating o.i gram of bromphenol blue 
with 3 cc. of 0.05 N sodium hydroxide until dissolved and then diluting 
to 250 cc. with distilled water. 

Work of Paul and Berry. ^ — In a study of various factors which affected 
the Kjeldahl method or its modifications. Paul and Berry found that 
when enough acid is used in the receiving flask to neutralize 85.5 per cent 
of the ammonia distilled over, the quantity of nitrogen recovered was 
99.87 and 99.68 per cent. They concluded, therefore, that while it is ad- 
visable to use sufficient acid to neutralize all the ammonia to be distilled 
over, it is not absolutely necessary. However in control work, it is fre- 
quently found that results are low when an excess of acid is not used, 
especially in warm weather. The}^ found that practically all the ammonia 
was distilled over with the first 75 cc. of the distillate and all of it with 100 
cc. If sulfide was not used to precipitate the mercury before distillation, a 
loss of from 2 to 15 per cent of ammonia resulted when mercury was used 
during digestion. 

When 10 grams of either potassium or sodium sulfate was used, maxi- 
mum results were reached in 6 hours, but with 5 grams an excessive time 
was required to clear up the solution and maximum results were not 
reached in 6 hours’ additional digestion. With mercury alone the results 
were not satisfactory since approximately 10 hours was required to com- 
plete the digestion. Plowever, when both mercury and potassium sulfate 
were used maximum results were obtained with 2 hours’ digestion after 
clearing. There appeared to be little difference between the results when 
5 grams or 10 grams of potassium sulfate was used with mercury. When 
copper sulfate alone was used, maximum results were not reached even 
after 10 hours’ digestion, but with both copper sulfate and potassium sul- 
fate maximum results were reached after 6 hours. Mercury is much 
more efficient than copper, as when mercury alone was used maximum re- 
sults were reached in 10 hours, while with copper alone this was not the 
case. This conclusion is also borne out by the fact that with mercury 
and potassium sulfate maximum results were obtained in from 2 to 3 
hours, while with copper sulfate and potassium sulfate they were reached 

^ Assoc. Official Agr. Chem., 8 , 457 (1925). 

* Ibid., 5 , 108 (1921). 
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in 5-6 hours. Then again, a longer time is required to clear up the solu- 
tion when copper sulfate is used than when mercury is used. 

It would appear that potassium sulfate is a little more efficient than 
sodium sulfate, as with 5 grams of the former the solution was clear in 
4 hours, while with 5 grams of sodium sulfate the solution was not en- 
tirely clear after 6 hours. The conclusion is drawn that the most efficient 
combination is mercury and 5-10 grams of cither potassium or sodium 
sulfate. Mercury costs more than copper sulfate, but it requires less time 
and gas. There is no advantage in the combination of mercury and copper 
sulfate. 

Other rCvSults tend to show that from 0.5 to 0.7 gram of mercuric oxide 
is the proper amount to use. In fact, 0.3 gram gives maximum results 
with 3 hours’ digestion after clear, while 0.5 gram or over gives the maxi- 
mum in 2 hours. There certainly is nothing to be gained by the use of 
more than 0.7 gram. 

The quantity of copper sulfate used had very little influence on the re- 
sults. When 0.5, I, and 2 gram samples were tested, maximum results 
were reached with a slightly shorter time of digestion with the smaller 
sample, but great difficulty was experienced in getting concordant results. 
This is undoubtedly due to the fact that the smaller the sample weighed, 
the greater the difficulty of obtaining a representative sample, and the 
chance of slight unavoidable errors. Everything considered, it seems that 
a 2 gram sample of cottonseed meal and similar substances is preferable 
to other quantities. 

Paul and Berry also found that i hour digestion with mercury and 2 
hours with copper sulfate is sufficient in the case of flour, 3/2 hour and 
2 hours in the case of powdered milk, 2 and 6 hours for gelatin, i and 5 
hours in the case of egg albumin, and 4 and S hours for tankage. The use 
of potassium permanganate is unnecessary. 

The reagents, in addition to sulfuric acid, which are most economical 
of time are potassium or sodium sulfate with mercuric oxide and potas- 
sium sulfide. Copper sulfate may be used in place of mercuric oxide and 
potassium sulfide, but the time of digestion must be lengthened. The 
time of digestion after clearing is of prime importance and should be de- 
termined for each substance to be examined ; in most instances 3 hours is 
sufficient. Nitric acid should not be used in a hood in which it is the in- 
tention to make nitrogen digestions since nitric fumes may be absorbed 
by the acid. 
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Work of Phelps and Daudt.^ — Phelps and Daudt made an extensive 
study of the Kjeldahl method, using a variety of organic compounds. 
For the usual materials, excellent results were obtained when the diges- 
tion was made for 2}^ hours with a boiling mixture of 25 cc. of sulfuric 
acid, 0.7 gram of mercuric oxide and 10 grams of potassium sulfate. 
When sodium sulfate was substituted for an equal weight of potassium 
sulfate the results were below the theory. Return condensers constructed 
of lead were tested; they served not only to prevent the vaix)rization of 
sulfuric acid but to retain the acid ammonium sulfate even when exces- 
sive quantities of ammonia sulfate were obtained. Further studies include 
a number of amines, other organic compounds and special methods for 
azo and hydrazine compounds, which are discussed later in the chapter. 
An apparatus for aeration is also described. 

The Preferred Method. — Careful study of the literature leads to the 
conclusion that the shortest and most accurate method for total nitrogen 
is the method using both mercury and potassium sulfate. All the work 
of Paul and Berry, of Phelps and Daudt, of Daudt, of Trescot, and of 
Pickel points unmistakably to this conclusion. The use of copper sulfate 
in place of mercuric oxide, the omission of potassium sulfate, or the use 
of sodium sulfate in place of potassium sulfate, while satisfactory perhaps 
for some easily decomj)osed materials, usually requires a longer period of 
digestion to secure the same amount of nitrogen as secured by the mer- 
cury-potassium sulfate method. Hence, the mercury-potassium sulfate 
method is to be preferred, especially to meet the modern requirements of 
speed and accuracy. The evidence regarding the use of mercury and 
potassium sulfate in the estimation of total nitrogen in materials contain- 
ing nitrates is not so clean cut, since some analysts seem to secure better 
results without their u.se; nevertheless, it indicates that this method is the 
better. 

Degree of Accuracy Attainable. — ^The Gunning-Kjeldahl method gives a 
high degree of accuracy when it is properly used. The American Oil 
Chemists Society sends out a series of 30 samples of cottonseed meal 
during the season, one sample a week, the analyses l>eing made with the 
use of potassium sulfate and mercury. Many of the analysts deviate only 
a few hundredths of a per cent (of ammonia) from the accepted average. 

In 1928^ the number of collaborators was 80; the average number of 
results ±0.02 {)er cent was 40; the average number ±0.05 was 65, and 


’ /. Assoc. Official Agr. Chew., 3 , 218, 306 (1919*20). 
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the average number ±0.10 was 77 on each sample. While it is true that 
some of the analysts run six or more tests on each sample, this is not 
essential, and the accepted average is not necessarily the correct percent- 
age of nitrogen. This work, however, shows the high degree of accuracy 
possible with the method after the analyst has checked all the details. 

Wholesale Nitrogen Determinations. — Systematic arrangement of ap- 
paratus and division of work may make possible a large number of nitro- 
gen determinations in a day. According to Roettger,' 5CX) determinations 
of nitrogen or protein in cottonseed products could be made in a day by 
three men and the apparatus he describes. While it would not be possible 
to make so many analyses of fertilizers that contain nitrates owing to the 
longer period of digestion required, and few laboratories require so many 
a day, the details are interesting. 

The Kjeldahl flasks, in groups of ten, are attached to wooden sticks, about i 
inch square and a little less than 3 feet long, by means of 10 small steel spring clips, 
which just fit the necks of the flasks. The flasks remain attached to these sticks 
during the digestion, distillation, and washing. The flasks are supported at the 
balance table and at the work table by slipping one end of each stick into a square 
hole which just receives it. Six sticks, or sixty flasks, arc thus held at a work 
table while sodium sulfate and copper sulfate arc put in previous to weighing, and 
the flasks are likewise held near the balance table to receive the samples. The 
flasks, on a small roller truck, are then run beneath a liter acid buret, from which 
concentrated acid is introduced. The buret is filled by an iron syphon, with an iron 
stopcock, from a carboy of acid supported above the buret. The digestion takes 
place on 80 Gilmer electric heaters set in front and below the lead fume pipe. The 
large pipe has ^ 4 '' x 2" nipples with holes. These holes are small so that the 
suction supplied by the exhaust fan will be evenly distributed along the pipe and 
also make it unnecessary to stopper any openings not in use to secure a good draft 
on the rest. The stills are perpendicular iron pipes containing block tin condensers, 
with Gilmer electric heaters. There are three sets of these, each with a capacity 
for 20 flasks, and they are placed in a line parallel to the digestion apparatus, with 
only a small aisle between. The ammonia distillate is collected in pint milk bottles, 
which are handled in racks provided with hinged covers from the time they are 
washed until set in place beneath the stills. The covers close around the necks of 
the bottles, leaving the tops open for draining or filling with standard acid and in- 
dicator. Suitable racks for these cases are provided under the table, where the 
standard acid is added, and after being washed they remain upside down in these 
racks until needed. For charging the milk bottles with the proper quantity of 
standard acid a double automatic pipet is used. The indicator is added through a 
syphon and rubber tube with a bead valve from a stock bottle placed on the shelf 
above. Water is added from a perforated ring of copper pipe that fits just inside 


^Cotton Oil Press, 6, 33 (iq.zi). 
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the top of the bottle. The final titration is made with a lo cc. buret, which is filled 
through a side arm at the bottom. A table giving the percentage of ammonia corre- 
sponding to the buret reading is hung near the buret, and printed forms for 
recording results are used. In the bottom of the sink used for cleaning the Kjeldahl 
flasks there is a pipe with a number of perpendicular jets of 54 inch pipe at 
the proper distance to receive the Kjeldahl flasks. Rubber stoppers are placed near 
the bottom of these jets to protect the tops of the flasks. The set of flasks is 
turned upside down, w^ater is turned on and lo flasks are quickly washed. In the 
other sink there is a similar arrangement for washing the milk bottles, the jets be- 
ing so spaced that ten bottles can be washed by merely inverting the rack over the 
nozzles and turning on the water. Several racks on wheels are used for trans- 
porting the sticks with the Kjeldahl flasks from one place to another or storing 
them when not in use. 

The work is divided as follows: One man supplied with prepared and num- 
bered samples can make 500 weighings in the forenoon and titrate in the afternoon. 
He is furnished with flasks previously charged with the sodium sulfate and copper 
by a second worker, an assistant who also adds strong sulfuric acid to the flasks 
after the samples have been weighed, draws the standard acid into the milk bottles, 
and changes the bottles below the stills as fast as a batch is finished. A third 
worker stands between the digestion table and stills and conducts those stages of 
the work. Each group of 20 determinations is handled as a unit, and groups are 
put on to digest at 20 minute intervals. As i hour and 20 minutes is required for 
digestion, the 80 stoves are loaded and cleared once in that time; at the end of 
this period the fifth group replaces the first group. Distillation and the changing 
of bottles, etc., require i hour, therefore 60 distillations arc on the three batteries 
of 20 stills each hour. Three digestions on the eighty stoves (240 determinations) 
require 4 hours ; the 60 stills complete 240 distillations in the same time. 

CHANGES IN KJELDAHL METHOD TO INCLUDE NITRATES 

Modifications of Asboth.^ — In order to adapt the moist combustion pro- 
cess to nitric nitrogen Asboth proposed the use of benzoic acid. For 
half a gram of saltpeter, 1.75 grams of benzoic acid should be used. 
The principle on which the use of benzoic acid rests is found in the fact 
that it easily yields nitro compounds and thus prevents the loss of the 
nitrogen oxide. The nitro compound can be subsequently converted into 
ammonia by treatment with sulfuric acid and finally with potassium per- 
manganate. 

Variation of Jodlbaner. — The benzoic acid method, although a step 
forward, is not entirely satisfactory for the estimation of nitrates by moist 
combustion. Jodlbauer* proposed to substitute phenolsulfuric acid for the 
benzoic. From 0.2 to 0.5 gram of a nitrate is treated with 20 cc. of con- 


’ Ckem. Centr., 18S6, 161. 
^ Ibid,, 433. 
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centrated sulfuric and 2.5 cc. of phenolsulfuric acid, together with three 
grams of zinc dust and five drops of a solution of platinic chloride. If 
the substances used are very rich in nitrates, it is advisable to rub them 
first with dry gypsum. 

The theory of the process rests on the fact that by a careful admixture 
of a nitrogenous substance diluted with land plaster and phenolsulfuric 
acid, it is possible to change the nitric acid into nitrophenol, and by the re- 
ducing action of zinc dust to change the nitro-product formed into amido- 
phenol, which later is transformed into ammonium sulfate by heating 
with sulfuric acid. At the same time all other nitrogenous compounds 
present in the substance, as with Kjeldahl's method, form ammonium sul- 
fate, the only difference being that addition of mercury is here absolutely 
necessary for the complete transformation of the slowly decomposed 
amido-phenol, and this necessitates the decomposition of the nitrogenous 
mercury compounds formed in the solution by potassium sulfide, which 
is added after or with the soda-lye. 

Salicylic Acid Method. — The introduction of the use of salicylic acid as 
the proper reagent to prevent the loss of nitrogen when a nitrate is acted 
on by sulfuric acid is due to Scovell.^ He noticed that the action of 
phenol was too violent to protect the process from loss of nitrogen. After 
a careful trial of many organic compounds capable of forming nitro- 
compounds under these circumstances, salicylic acid was selected as the 
most promising reagent. Rigid trials by Scovell and other referees of the 
A. O. A. C. extending over many years confirmed the propriety of this 
choice. This method has also been found to be accurate in the presence 
of chlorides as well as of nitrates. 

Theory of the Process . — The theory of the process by which salicylic 
acid converts nitrates to ammonia is as follows : 

(1) When salicylic acid and sulfuric acid are added to a nitrate, the sulfuric 
acid takes up water, and one of the hydrogen elements of the salicylic acid is replaced 
by NO2, forming nitro salicylic acid. This reaction takes place without heat. It is 
probably mononitro and not dinitro salicylic acid that is formed, and the reaction 
is probably as follows : 

(0 C«H4.0H.C02H-f HN0, + H2S04^ 

C^H. (NO2) .OH.CO2H + H2SO4 -f H2O. 

(2) Subsequently when sodium thiosulfate is added the hydrogen sulfide liber- 
ated reduces the nitro salicylic acid to amido salicylic acid as follows : 

(2) C.H.(N02).0H.C02H-f 3 H,S-f HaS 04 -f 

CiH,(NHO .OH.CO2H -f 3S -f 2H2O + H2SO4. 

^ U. S. Dept. Agr. Div. Chem. Bull., 16, 51 ; 19^ 47 . 
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When zinc is used, nascent hydrogen effects the reduction. The strong sulfuric 
acid and heat on the amido salicylic acid break it up and there is formed am- 
monium sulfate, carl)onic acid, sulfur dioxide and water, as follows: 

(3) 2C«H3(NH2).0H.C0=H4-27H,S04 = 

+ i4CO= + 26SO. + 30H.O. 

Similar reactions probably occur when benzoic acid or phenol is used, 
but either the nitro compounds are not formed so readily or they are not 
so easily converted into amido compounds, and the heat produced by the 
reaction when phenol is used is the cause of the loss of some nitric acid. 
Furthermore, phenol and benzoic acid do not break up so easily in the 
final reaction, and therefore it takes longer to complete the oxidation than 
when salicylic acid is used. 

Other nitro- and amido-forming compounds might be substituted for 
salicylic acid, but its use makes the method so simple and accurate that 
it is doubtful whether any other substance would improve it. Other sub- 
stances have been tried, c. g., pure potassium nitrate, with gallic acid in the 
place of salicylic acid, gave 6.()8 per cent of nitrogen; pyrogallic acid, 8.21 
per cent; phenol, 13.62 per cent; bcnzaldehyde, 13.62 per cent; and phenyl 
salicylate, 13.72 per cent. It is interesting to note that phenyl salicylate 
gave satisfactory results, but the oxidation is not so rapid as when sali- 
cylic acid is used. For ease in manipulation, rapidity of work, and ac- 
curacy of results the salicylic acid method is to be recommended. 

Official Kjeldahl Method for Nitric Nitrogen. — As .stated previously, the 
presence of certain organic compounds rich in hydrocarbons permits the 
reduction of nitric nitrogen to ammonia by combustion with sulfuric acid. 
Benzol, phenol, and salicylic acid have been used for this purpose. The 
official chemists have adopted the salicylic acid process first proposed by 
Scovell.^ 

Gunning and Voorhees Methods for Nitric Acid. — The essential features 
of this modification are due to Winton and Voorhees.^ The modifications 
of the Kjeldahl method, for similar purposes, furnished the following ma- 
terial details for the modified Gunning process. 

Digest for 2 hours in a 0.5 liter flask from 0.5--1 gram of the sample with 30 
cc. of sulfuric acid containing 2 grams of salicylic acid. Slowly add, with constant 
shaking, 2 grams of zinc dust and heat the flask, at first gently, until, after boiling 
a few minutes, den.se fumes are no longer emitted. Add 3 grams of potassium 
sulfate, and continue the boiling until the solution is colorless, or, if iron is present, 

* The details are given in Methods of Analysis, A, O. A. C, 

* Connecticut Agr. Exp. Sta. Bull. 112 , 3 ; U. S. Dept. Agr. Div. Chem. Bull. 36, 86 . 
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until a liRht straw color is produced. On cooling, when the mixture begins to 
solidify, add water with caution and afterwards sodium hydroxide, and obtain the 
ammonia by distillation. 

The Voorhees process is superior to that recommended by Winton in 
that it adds the potassium sulfate at the beginning of the combustion. It 
is conducted as follows: 

Digest the sample with 10 grams of potassium sulfate, 30 cc. of sulfuric con- 
taining I gram of salicylic acid, and 3 grams of zinc sulfide. Keep down the heat 
until frothing ceases, and then keep the mass in the gentle ebullition until clear. Take 
the usual precautions in making the distillation. 

Sources of Error, — Continual vigilance is necessary to secure accurate 
results, especially if nitrates are present in the fertilizer. No dependence 
can be placed on running two portions of the same substance at the same 
time, since the same error may affect both portions, and there is also the 
psychological error to be considered. It is best to run the checks at dif- 
ferent times, and in the meantime forget the previous results. Some of 
the sources of error are (i) leaks in the condensing system; (2) digestion 
carried too low; (3) distillation carried too low; (4) nitrates not dissolved 
before reagents are added; (5) too much heat evolved in the beginning of 
the digestion when nitrates are present ; (6) inaccurately standardized solu- 
tions; (7) reagents containing nitrogen — they should frequently be tested 
by a blank 'with sugar. 

A. 0. A. C. Work on the Kjeldahl Method Modified for Nitrates. — The 

Kjeldahl method modified for nitrates by the use of salicylic acid was 
studied by M. A. Scovell,^ referee in 1889, in collaborative work in com- 
parison with the Ruffle method. E. B. Voorhees,'^ in 1890, continued the 
study and recommended the use of zinc sulfide as a reducing agent in place 
of zinc. In 1891 William Frear’ studied the use of sodium thiosulfate as 
a reducing agent. In 1893 C. L. Parsons* rejicrted on the Gunning method 
modified for nitrates by the use of salicylic acid. This method was 
adopted that year ; the use of sodium thiosulfate as a reducing agent was 
also adopted. J. M. Bartlett,® in 1894, made comparative studies of the 
estimation of total nitrogen including nitrates by both the Kjeldahl and the 
Gunning methods modified for nitrates. 


^ U, S. Dept. Agr. Div. Chera. Bull. 94 , 85. 

38 , 10. 

^Ibid., 31 , 1 1 7 . 
nbid., 38 , 41 . 
a Ibid,, 43 , 136. 
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In 1908 C. L. Penny^ studied the estimation of nitrogen in mixed fer- 
tilizers containing nitrates. C. H. Jones, ^ referee in 1909, made a study 
of 6 variations of the salicylic acid method, J9 analysts in 16 laboratories 
taking part in the work. The variations concerned the time of standing 
after adding the acid and after adding the zinc dust or thiosulfate for the 
reduction. The general tendency seemed towards slightly higher figures 
when the material stood 6 hours, though some chemists report similar re- 
sults by all procedures. 

Precautions Necessary in the Kjeldahl Method Modified for Nitrates. — 

The sample must be covered completely and quickly by the sulfuric acid- 
salicylic acid mixture. Nitric acid is set free when the acid comes in con- 
tact with the nitrate, and if this acid is not absorl)ed, the results will be 
too low. Both the sample and the flask should be dry. The presence of 
moisture increases the heat of reaction and thus increases the danger of 
volatilization of nitric acid before it is absorbed. 

A sufficient quantity of the salic3dic acid must be used. The nitrates 
should be dissolved and the nitric acid should enter into reaction with the 
salicylic acid before the reducing agent is added. This may require a 
little time, esjjecially if the sample is not finely ground. Rudnick suggests 
heating the flask slightly, when any undissolved nitrate dissolves with a 
crackling sound. In such case, however, the liquid should be cooled be- 
fore the reducing agent is added. 

The necessary precautions with respect to standard solutions, distilla- 
tion, etc., of the Kjeldahl method should also be considered in this con- 
nection. 

Study of the Kjeldahl Salicylic Acid Method by Moore. — H. C. Moore® 
reports a study of some of the factors of this method. 

Digestion . — The important considerations are the length of the digestion 
period, the rate of boiling or amount of heat applied, and the quantities of 
reagents employed. It is noted that at least 45-50 cc. of salicylsulfonic 
acid is required for 0.8517 gram of sodium nitrate and that at least 4-8 
hours of gentle boiling and the use of 5 grams of potassium sulfate and 
0.5 gram of mercury are required for digestion. It is noted further that 
by using 10 grams of potassium sulfate and i gram of mercury, digesting 
at a brisk boil i hour after solution has become clear is sufficient. 


^ S. Dept. Agr. Div. Chem. Bull., 1S3, 85. 

^ibid., laa, 16. 

*/. Ind. Bng. Ch^m,, 12, 669 (1920). 
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Proportion of Reagents . — From the reaction it may be calculated that 
I gram of sodium nitrate requires 1.64 grams of salicylic acid. In vari- 
ous text-books it is stated that from 0.25 to 5 grams of nitrate may be 
taken with 30-35 cc. of sulfuric acid and 2 grams of salicylic acid. From 
this it may be understood that some analysts have used too little salicylic 
acid to obtain concordant and correct results. It was found that for a 
0.5 gram sample, 35 cc. of salicylsulfonic acid, containing i gram of 
salicylic acid, gave correct results. It thus appears that the proportion of 
reagents is very important. At least 45 cc., and preferably 50 cc., of the 
salicylsulfuric acid is required for a i gram sample, and for a 1.7034 gram 
sample, 70 cc. is required. Why it is necessary to use so great an excess of 
acid with the increase in the sample is not apparent. 

Some determinations were made with 0.5 gram of copper sulfate; the 
few results obtained were slightly less concordant. The same applies when 
0.5 gram each of mercury and copper sulfate was used. Copper sulfate 
olfers no advantage over mercury and seems slower in action. Sodium 
sulfate was found to give the same results as did potassium sulfate. The 
addition of o. 1-0.5 gram of sodium chloride had no effect on the accuracy 
of the method. 

The use of moist samples was tested by adding from 0.1 to 0.5 cc. of 
water, but the results were unchanged. At times, however, adding the 
salicylsulfonic acid to moist samples caused some heating, and puffs of 
nitric acid could be noted. Therefore dry samples are preferred. If not 
dry, the sample may be dried after weighing by rotating the flask over a 
low' heat. There would also be danger of decomposing ammonium nitrate, 
if heated .too much. Warming after adding the salicylsulfonic acid, gave 
slightly lower results, amounting to from 0.04 to 0.08 per cent nitrogen. 

Devarda-Kjeldahl Method. — A method proi^osed by Davisson and Par- 
sons^ is especially suitable for total nitrogen in solutions containing or- 
ganic matters and nitrates. It is a combination of the Devarda and the 
Kjeldahl methods. The nitrates are reduced in alkaline solution by De- 
varda’s alloy, and the ammonia is absorbed in a special tube containing 
sulfuric acid, which is attached to the flask. The method is fully described 
as follows: 

The reduction is carried out in a flask connected with an absorbing tower 
(Fig. 4). During the reduction, the large volume of hydrogen evolved before the 

Ind. Bng. Chem., 11 , 306 (29x9). 
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solution boils sweeps out with it some ammonia, and this ammonia is difficult to 
scrub from the mixture of air and hydrogen. An absorption tower readily ovor- 
comes the difficulty, the hydrogen being completely scrubbed as it passes through 
the acid in the tower. The tower should be about inches in diameter and 

14 inches long. (Fig. 5). A contains the nitric solution, ii? is a 6 inch column of 
glass balls or broken glass rods about 54 inch in length, and C is a small perforated 
plate which may be porcelain or made from a rubber gasket. The tower is easily 
washed after the reduction is complete. The tendency of solutions high in organic 
matter to foam when reduction is made in an alkaline solution can be overcome by 
using about 4 drops of ordinary lubricating oil, the oil being easily destroyed subse- 
quently in the Kjeldahl digestion. 

In the absorbing tower are placed 35 cc. of sulfuric acid (4 + i). The solu- 
tion, 100-200 cc. in volume, is placed in a 500 cc. Kjeldahl ilask, and sufficient 50 
per cent sodium hydroxide is added to make the strength of the solution o.i N in 
sodium hydroxide. This sodium hydroxide solution should be measured carefully. 
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To the solution arc added 4 drops of oil and i gram of Devarda’s alloy (f)0-mesh, 
made free from ammonia by heating it to about 200 C. for 30 minutes), and the 
flask is connected with the tower. The solution is heated to boiling as quickly as 
possible and kept boiling gently for 20 minutes, during which time the acid in the 
tower just about reaches the boiling temperature. The flame is now removed, and 
the acid is allowed to suck back into the flask, after which the solution is boiled for 
a few minutes and the flame removed. The tower is then washed with small quan- 
tities of distilled water, and the water is permitted to suck back into the flask. 
Four washings with about 25 cc. each of water are sufficient to remove all the am- 
monia from the tower. The solution is now evaporated to charring, 5 grams of 
potassium sulfate is added, and the digestion is continued for about i hour after be- 
coming bluish. After digestion is complete, the ammonia is distilled after strong 
caustic soda carrying potassium or sodium sulfide has been added. It is necessary 
to add a relatively large excess of alkali before distilling. 

The foaming present during the reduction of the nitrates in the presence of 
organic matter may be overcome by placing the sample in a beaker, adding 50 cc. 
of water, heating to boiling, filtering through a small nitrogen-free filter paper into 
a 500 cc. Kjeldahl flask, and washing the residue and beaker several times with hot 
water. The nitrates are now in solution and arc reduced as outlined abo\e. After 
the reduction is complete and the water is boiled off, the filter paper with the residue 
is added to the flask, together with 5-7 grams of potassium sulfate, the mass is di- 
gested, and the ammonia is determined in the usual manner. 

Jacolis and Gildert’ tested the Davisson-Parsons method and applied it 
to mixtures containing nitrates and cyanamides. They proposed the fol- 
lowing modifications for such mixtures : 

Place the sample in an 800 cc. Kjeldahl flask, add 100-200 cc. of distilled water 
and sufficient .sodium hydroxide (1 + i) to make the solution o.i N, Add sufficient 
Devarda^s alloy (Cu-50, Al-45, Zn-5) to reduce all the nitrate nitrogen, (i gram 
of alloy will reduce about 25 mg. of nitrate nitrogen.) Connect the flask to a 
Davisson-Parsons absorption tube containing 35 cc. of sulfuric acid (4-f i), re- 
duce the nitrate nitrogen to ammonia, and allow the acid in the* absorption tube to 
suck back into the fla.sk. Wash the tube thoroughly with distilled water. Evapo- 
rate the solution to charring, add 5-7 grams of potassium sulfate, and continue the 
digestion for about i hour after the melt has become clear. Then cool the melt, 
dilute and distil. 

After comparison with the other methods, the various investigators cited 
by Jacobs and Gildert are almost unanimous in the opinion that more 
uniform and reliable results can be obtained under a wider variety of con- 
ditions by the use of Devarda’s alloy than with any of the other pro- 
posed methods. The majority of the workers cited used either the 
Davisson-Parsons procedure or a slight modification of it. 


> Ind. Eng. Chem., 14 , 1045 09^2). 



268 


AGRICUI.TURAL ANALYSIS 


HYDROLYSIS OF CERTAIN SYNTHETIC ORGANIC COMPOUNDS 

The hydrolysis of certain organic compounds of various constitutions in 
the Kjeldahl method was studied by Phelps and Daudt.^ In the presence 
of 0.7 gram of mercuric oxide or with 0.7 gram of mercuric oxide, 8.2 
grams of sodium sulfate, 20 cc. of sulfuric acid, 10 grams of potassium 
sulfate and 25 cc. of sulfuric acid, weights of the compound varying from 
0.2 to 0.4 gram were hydrolyzed completely by heating at the boiling point 
for 2 j 4 hours. The hydrolysis was found to be complete for the follow- 
ing compounds : 

Glucosamine hydrochloride 
T etramethylammonium derivatives 
Tetramethylammonium iodide 
Choline hydrochloride 
Pyrrol derivative: 

Isatine 

Pyrrolidine derivatives : 

Atropine 
Cocaine 

Pyridine derivatives : 

Nicotine zinc chloride 
Nicotinic acid 
Piperidine derivative : 

^-Eucaine hydrochloride 
Quinoline derivatives ; 

Hydroxyquinoline 
Cinchonidine 
Strychnine 
Brucine 

Nitrogen in Azo Compounds, — Phelps and Daudt* found that azo com- 
pounds were not completely hydrolyzed to ammonia by digestion with 0.7 
gram of mercuric oxide, 10 grams of potassium sulfate and 25-30 cc. of 
sulfuric acid, whether applied directly or after preliminary treatment with 
zinc dust, salicylic acid and sulfuric acid, with zinc dust and sulfurous acid 
solution or with a mixture of fuming sulfuric acid and sulfur. When the 
preliminary treatment included solution in 20 cc. of alcohol and reduc- 
tion with zinc dust and hydrochloric acid, the results were in fair accord 
with the theory. The hydrochloric acid reacted so slowly with the zinc 
that from 0.2 to 0.4 cc. of stannous chloride solution, consisting of 40 


IsoquinoHne derivatives : 

Papaverine 
Narcotine 
Morphine 
Hydrastinine 
Purine derivative: 

Caffeine 

Imidazole or glyoxaline derivatives • 
Lophine 
Amarine 

Histidine dihydrochloride 
Quinoxaline derivative : 

Quinoxaline hydrochloride 
Quinazolon derivatives : 

2-Methyl 4-quina2olon 
2-Methyl 3-phenyI 4-quinazolon 


^ J. Assoc. Official Agr. Chem., Z, 218 (1919); 4 , 74 (1920;. 
^ Ibid., Z, 306 (1920). 
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grams of stannous chloride in 100 cc. of concentrated hydrochloric acid, 
was added to hasten the action. The mixture was kept boiling for 15 
minutes, or for 7 minutes after decolorization. Glass return condensers 
of a modified Ho])kins type were placed in the neck of the flasks to pre- 
vent the evaporation of alcohol. After cooling, an ecjual volume of water 
and 30 cc. of sulfuric acid were added, and the mixture was heated until 
the water had been expelled and foaming had ceased. After the addition 
of 0.7 gram of mercuric oxide and 10 grams of potassium sulfate the 
hydrolysis was conducted at the boiling point. 

Reduction with stannous chloride in alcoholic solution was more effica- 
cious. The azo compound was diss(jlved in 20 cc. of alcohol ; 5 cc. of 
stannous chloride solution, containing 40 grams of stannous chloride in 
100 cc. of hydrochloric acid, was added, and the mixture was kept at the 
boiling point for 15 minutes if bleaching was completed in 7 minutes or 
less. 

The results just meiilioned were received with the following com- 
pounds : Azobenzene, hydroxyazobenzene. aminoazobenzene, toluene azo, 
p-toluidin, methyl red, diethyl red, dipropyl red, benzene azo, yS-naphthy- 
lamine, ponceau 4 R, and congo red. 

Nitrogen in Hydrazine Compounds.- Phelps and Daudt also t)bserved 
that hydrazine sulfate and semicarbazide hxdrochloride were not com- 
pletely hydrolyzed by digestion with 0.7 gram of mercuric oxide, and with 
10 grams of potassium sulfate and 25-30 cc. of sulfuric acid, whether ap- 
plied directly or after preliminary treatment with stannous chloride or 
with zinc and hydrochloric acid ; or by formation of hydrazine derivatives 
of glucose in the i»resence of sodium acetate and w'ater ; or by reduction 
of these compounds obtained as above with stannous chloride, sodium 
amalgam or sodium formate, ^^1len zinc dust and acetic acid were em- 
ployed, the results indicated complete hydroly sis. 

The procedure follow^ed helow’ seemed to be ap])licablc to hydrazine, 
phenylhydrazine and pheiiyhnethylhydrazine compounds, but not to semi- 
carbazide or oxamazide. The nitrogen compounds w^ere dissolved in 
water; glucose, glacial acetic acid and zinc dust w’ere added in the order 
mentioned; and the mixture was kept at the boiling temperature for i 
hour under a return condenser of the Hopkins type. Upon cooling, 30 
cc. of concentrated sulfuric acid was added, and the mixture was carefully 
heated until the water had been evolved and foaming had entirely ceased. 
Then 0.7 gram of mercuric oxide and 10 grams of potassium sulfate were 
added, and the hydrolysis was conducted at the boiling temperature. 
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The following method was found to l>e of more general application: 
Alcoholic solutions of the nitrogen compounds were treated with formal- 
dehyde solution, zinc dust and hydrochloric acid. The mixture was kept 
at the boiling temperature for 30 minutes or more under a return con- 
denser. After the reduction had progressed for 15 minutes a small 
quantity of stannous chloride solution was added for the purpose of hasten- 
ing the action of the acid on the zinc. After cooling an equal volume of 
water and 30 cc. of sulfuric acid were added. When the water had been 
exi^lled, the hydrolysis was conducted in the usual manner with mercuric 
oxide and potassium sulfate. 

The method gave results in accord with the theory if reduction of the 
aldehyde nitrogen complex to the amino compound was complete. It ap- 
peared that the variability in the results was due to the imi)urity in the zinc 
dust rather than to the method. It seems to be a matter of some difficulty 
to obtain a supply of uniformly pure zinc dust. Oxide in the free metal 
or hydrolyzable nitrogen-containing compounds, or both, present in the 
zinc dust in varying quantities, often make it impossible to find a suf- 
ficiently uniform sample. A proper state of subdivision is also an im- 
portant factor in the efficacy of the zinc when used as the reducing agent. 

Following is a list of the compounds used to obtain the results men- 
tioned : 

Hydrazine sulfate, phen^dhydrazine hydrochloride, bromphenylhydrazine, 
methylphenylhydrazine sulfate, diphenylhydrazine hydrochloride, p-nitrophenylhydra- 
zine, phenylbenzoylhydrazine, diphenylbenzoylhydrazine, semicarhazide hydrochlo- 
ride, phenylsemicarbazide, and oxamazide. 

NITROGEN IN THE FORM OF AMMONIA OR NITRATES 

Nitrogen as Ammonia. — The most frequent form in which ammonia is 
used for fertilizing is as the sulfate. The method of determination to 
be described, however, is equally applicable to all ammonia salts. When 
no other form of nitrogenous compound is present the ammonia can be 
easily and directly determined by distillation with soda- or potash-lye. 

To I gram of the ammonia salt add from 200 to 300 cc. of water and 30 grams 
of the soda-lye used in the moist combustion process; distil, collect the ammonia, 
and titrate the excess of sulfuric acid. 

Fresenius recommends that the ammonia expelled by distillation be 
taken up by a standard solution of sulfuric (hydrochloric, oxalic) acid, 
the excess of which is titrated with a standard solution of soda or other 
alkali, litmus being used as an indicator. If on examination the distillate 
is found to contain thiocyanate, caustic magnesia is applied in place of 
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socla-Iye for the expulsion of ammonia, because soda decomposes thio- 
cyanate with the production of some ammonia. 

In all cases where organic matter containing nitrogen is present, caustic 
magnesia must he substituted for the soda solution. The magnesia must 
be added in sufficient excess and the distillation continued a little longer 
than is necessary when soda-lye is used. Otherwise the details of the 
operations are the same. In a mixed fertilizer containing only organic 
nitrogen and ammonia salts, the total nitrogen can be determined by the 
moist combustion process, and the ammoniacal nitrogen by distillation 
with magnesia. The difference between the two results will give the 
nitrogen due to the organic matter. 

To avoid any possible danger of decomposing organic nitrogenous com- 
pounds, the ammonia may be determined in the cold under a bell-jar con- 
taining some set sulfuric acid by treatment with soda-lye. The operation 
should continue for many days, and even then it will be found that some 
ammonia is still escaping. It may be finally inferred, therefore, that all 
the nitrogen as ammonia is not obtained by this process or that even mag- 
nesia may gradually convert other nitrogenous compounds into ammonia. 
The method for the estimation of ammonia by distillation with magnesium 
oxide was adopted by the A. O. A. C. in 1891. It was not subjected to 
collal>orative study. 

Thiocyanates in Ammoniacal Fertilizers. — The extended use of ammo- 
nium sulfate as a fertilizer renders it imjiortant to determine the actual 
constituents that may be present in samples of this material. The follow- 
ing bodies have been found in the soluble portions of commercial am- 
monium sulfates: sulfuric acid, chlorine, ammonia, thiocyanic acid, potash, 
soda, lime and iron oxide. In the insoluble portions have been found 
silica, sulfates, lime, magnesia and iron oxide. A sample of commercial 
ammonium sulfate analyzed by Jumeau^ contained the following sub- 
stances : 


Per cent 


Moisture 

10.51 

Ammonium sulfate 

67.84 

Ammonium thiocyanate 

9*39 

Sodium sulfate 

9.24 

Potassium sulfate 

0.98 

Calcium sulfate 

0.68 

Iron thiocyanate 

0.50 

Magnesium chloride 

traces 

Silica 

0.07 

Undetermined 

0.77 


^ Rev. chim. appliqu^c, 1 , 51 (1893). 
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The determination of the thiocyanic acid in the thiocyanate is generally 
made by the oxidation t)f the sulfur to sulfuric acid and its subsequent 
weighing in the form of barium sulfate. Jumeau modified the method by 
determining the quantity of the thiocyanate by means of a titrated liquid. 
The method is as follows : 

Prepart* a solution of ammonium thioc>analc containing 8 grams of this salt 
per liter, and determine its exact content of thioc>anate l)y titrating with silver 
nitrate or 1)> the weight t»f the harium sulfate produced after th<* oxidation of the 
sulfur. Dilute lo cc. of the titrated liquor with water to about lOo cc. and add lo 
cc. of juire sulfuric acid. TIkmi add. dropwise, a solution of tiotassium perman- 
ganate containing about lo grams of that salt per liter. The permanganate is in- 
stantl\ decohjrized. Evolution of hydroc>anic acid occurs as the thiocyanate passes 
to the state of sulfuric acid. A single drop in excess gives to the mixture the well- 
known rose coloration of the permanganate .solution wdiich persists for several 
hours. The number of cubic centimeters necessary to iiroduce the persistent rose 
tint is noted, and the same operation is carried on with 0.5-1 gram of the unknow’ii 
product that is to be assayed. A simple proportion indicates the content of the thio- 
c\anate in the unknown body. The process is of great exactitude and permits the 
rapid determination of thiocyanic acid in the presence of chlorides, cyanides, etc., 
w'hich remain without action upon the permanganate. If chlorides and cyanides 
arc cabsent, the thiocyanate can be determined direcllv bv silver nitrate either by 
weighing the precitiitate or by the lu’ocess of Volhardt, w'hich is based upon pre- 
cipitation of the siher b> thioc>anate in the presence of a ferric salt. The end of 
the reaction is indicattd by the red coloration shovNn by the liquid when the thio- 
cyanate is in excess. 

DETERMINATION OF NITRIC NITROGEN BY 
REDUCTION TO AMMONIA 

When nitrogen is present in a highly oxidized state, c. y., as nitric acid, 
it may be quickly and accurately e.stimated by reduction to ammonia. One 
way to do this is by utilizing the reducing power of nascent hydrogen. 
This substance may be secured in the actixe state by the action of an acid 
or alkali on a metal or l^y means of an electric current. The processes de- 
pending on the use of a finely divided metal in the presence of an acid 
or alkali have come into general use within a few years, and they are now 
employed generally instead of combustion with copper oxide or the col- 
orimetric method with indigo. 

The typical reaction that takes place in all cases is represented by the 
following equation: 2HNO3 SH, = 2NH3 + 6H2O. 

The method will be considered under three heads : ( i ) Reduction in an 
alkaline solution; (2) reduction in an acid solution; (3) reduction by 
means of an electric current. 
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In an alkaline solution the reduction and distillation may proceed to- 
gether. In acid solutions the reduction is followed by the distillation after 
the addition of an alkali. In the third class of operations the reduction is 
accomplished by means of an electric current, and the ammonia is subse- 
quently obtained by distillation or determined by nesslerizing. These pro- 
cesses may be applied to the nitrates or nitrites as such, or as occurring in 
rain and drainage waters and soil extracts. Owing to the ease with which 
the analyses are accomplished, the short time required and the accuracy 
of the results, these reduction methods for nitrates commend themselves 
to analysts. 

Halle Zinc-Iron Method. — For determining the nitrogen in Chile salt- 
peter the method as conducted at the Halle Station is as follows : 



Dissolve 10 Rrams of the nitrate in i liter of water and use 50 cc. of the solu- 
tion corresponding to 0.5 gram of the sample for each determination. The appa- 
ratus employed is shown in Fig. 6. A mixture of 5 grams of zinc dust and an 
equal weight of iron filings is used as the source of hydrogen. The reduction takes 
place in an alkaline medium secured by adding to the other materials mentioned 
80 cc. of soda-lye, sp. gr. 1.30. The respective quantities of iron and zinc may he 
measured instead of weighed, as exact proportions are not required. After the ad- 
dition of all the materials allow the flask to stand for i hour at room temperature 
and then distil, using some kind of safety arrangement to prevent the particles of 
soda-lye being carried over by the hydrogen evolved. The siphon bulb shown in 
the figure is effective for this purpose. 

Better results are obtained by condensing the escaping steam with water. When 
the condensed liquid collects in considerable quantities in the safety tube, raise the 
tube so it will not dip in the liquid in the receiver, and extinguish the lamp under 
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the flask to permit the return of the liquid to the flask by means of the siphon. 
Repeat two or three times during the process of the distillation to prevent a too 
high concentration of the soda-lye to endanger the flask. Determine the excess of 
acid in the receiver by titration, as in the regular Kjeldahl method. Make blank de- 
terminations from time to time and corrections in harmony therewith, 

Bevarda Method. — The i>low action arising from the use of pure metals 
in the reduction of nitrates to ammonia has been overcome, to some ex- 
tent, by Devarda,^ by use of a finely po\vdered alloy consisting of 45 per 
cent of aluminum, 50 per cent of copper, and 5 per cent of zinc. In dis- 
solving, the copper is left in a finely divided state, which helps to prevent 
bumping in distillation. The analytical process is carried out as follows: 

Place a quantity of the solution containing the nitrate, equivalent to about 0.5 
gram of potassium nitrate, in a flask having a capacity of about i liter, dilute with 
60 cc. of water and 5 cc. of alcohol, and add 40 cc. of caustic potash solution, 
sp. gr. 1.3. Introduce from 2 to 2.5 grams of the alloy described above and attach 
the flask to a condenser with a receiver containing standard acid. Make the con- 
nection between the flask and the condenser by means of a tube having on the 
limb next the flask a bulb filled with glass beads to prevent the contents of the 
flask splashing over into the receiver, and on the other limb another bulb to pre- 
vent the acid in the receiver finding its way into the distillation flask, .should re- 
gurgitation occur. When the flask has been connected with the condenser, heat it 
gently for half an hour, at the end of which time the evolution of hydrogen will 
have slackened or ceased; di.stillation then proceeds, cautiously at first, until the 
zinc of the alloy has completely dissolved, and then more vigorously, for about 20 
minutes after boiling starts. Collect the distillate in standard acid and determine 
the ammonia by titration of the residual acid in the ordinary way. 

The strength of the alkali is of importance. If too strong, the action of 
the alloy is unduly vigorous at the beginning. If it is too weak, the con- 
tents of the flask have to be overheated, the result in either case causing 
the formation of a fine spray of caustic solution. With the right strength 
of alkali (42 per cent by weight, sp. gr. 1.453) l^he spray is at a minimum, 
and a Davisson scrubber absorbs what is produced. 

The results secured by a large number of collaborators working with 
Prince*'* and using the Devarda alloy method on commercial samples of 
nitrates indicate that the method is quite satisfactory. Previous collab- 
orative work done in 1921 and again in 1922 showed that the method was 
satisfactory for pure nitrates. The Devarda method was studied by the 
referee in 1921, 1922 and 1923. It was adopted as official in 1923 and 
it is published in Methods of Analysis, A.O.A.C, 

* Chem. Z,, 16 , 1952 ( 1892 ). 

*/. Assoc. Official Chem., 3 , 410 ( 1925 ). 
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Arnd Method. — The Arnd method is similar to the Devarda method in 
that the nitrate is reduced by an alloy and distilled into standard acid. The 
procedure is as follows : 

Dissolve 10 grains of the nitrate in distilled water free of carbonic acid and 
make up to 500 cc. Pipet 25 cc. (i.o gram) into a distillation flask and add 200 cc. 
of water and 10 grams of freshly granulated Arnd’s alloy (40 per cent of mag- 
nesium and 60 per cent of copper). Add 50 cc. of 20 per cent magnesium chloride 
solution through a dropping funnel and distil until about 50 cc. remains in the 
flask. Make the distillation through a block tin condenser in the usual way and 
collect in a receiver containing 40-50 cc. of sulfuric acid. Titrate the excess acid 
with standard caustic soda. 

The referee in 1927 found the method to be simple and accurate for 
nitrate salts alone, but to have no distinct advantage over the Devarda 
method. Like the Devarda method it is not suitable for use in the pres- 
ence of organic materials. 

Ferrous-Sulfate-Zinc-Soda Method. — The ferrous-sulfate-zinc-soda meth- 
od depends upon reduction of nitrates in alkaline solution by means of 
ferrous sulfate and zinc. It was proposed by Salle and brought to the at- 
tention of the A, O. A. C. in 1911.^ The referee in 1913 (C. L. Hare) 
subjected it to collaborative study and it was adopted provisionally^ that 
year and finally in 1916.^ 

Ulsch Method. — The method of Ulsch® uses reduced iron. The pro- 
cedure is as follows : 

Dissolve 0.5 gram of saltpeter or 0.4 gram of sodium nitrate in 25 cc. of water, 
in a flask with a content of about 600 cc. Add 5 grams of iron reduced by hydrogen 
and 10 cc. of sulfuric acid diluted with two volumes of water. To avoid mechanical 
losses during the evolution of hydrogen, hang a pear-shaped glass stopper in the 
neck of the flask. After the first violent evolution of hydrogen has passed, gradu- 
ally reheat the flask until it is brought to a gentle boil (approximately 4 minutes). 
Continue the boiling for about 6 minutes, when the reduction is complete. Add 
50 cc. of water, an excess of soda-lye, and a few particles of zinc. Distil the am- 
monia and collect in standard acid in the usual way. 

Errors may be caused by reduced iron containing nitrogen, therefore 
a blank should be made on a new lot of the reagent. 


» U. S. Dept. Agr. Div. Chem. Bull., 168 , a8. 

*/. Assoc. Official Agr. Chem., 1 , 100 (19x5); 3 , 520 (1920); Methods of Analysis, A.O.A.C. 
* Chem. Zentr., 8 , 926 (1890). 
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The method of Ulsch has usually given satisfactory results. It is based 
on the following reactions: 

2KNO3 + H2SO4 = K.SO, + 2HNO3, 

2HNO3 + = 2NH3 + 6H2O, and 

2NH3 + H^SO, = (NHJoSO,. 

Zinc Iron Method. — The zinc iron method, which at one time was official, 
is similar to the Ulsch method previously described, but it is intended for 
the estimation of the quantity of nitrates in mixed fertilizers. It was 
studied by the referee in 1893 in 1894 and adopted in 1894. The use 
of urea and calcium cyanide in mixed fertilizers rendered the method 
inaccurate, and it was discarded in 1928.^ The method is suitable for 
nitrate salts, but other methods are available. 


REDUCTION BY ELECTRIC CURRENT 

Williams-Warington Method. — ^This process is applicable to solutions 
or extracts of fertilizers, soils, etc., and rain or drainage waters contain- 
ing only a small quantity of nitrates. Following his observations of the 
losses which naturally occur during the evaporation of water, even with 
all the precautions usually observed, Warington^ was led to try some 
method for the determination of nitrates and nitrites in waters without 
previous concentration. The reduction of these bodies by the copper- 
zinc couple formed the basis of these experiments, and they resulted in 
the following method of manipulation, which is based on the following 
process devised by Williams.^ 

Distil rapidly i liter of the solution of a fertilizer or rain water with a little 
magnesia which has been previously raised to a low red heat and then washed, 
until 250 cc. has distilled. Make up the residue to 800 cc., transfer to a wide-mouthed, 
stoppered bottle supplied with strips of copper and zinc forming electric couples, and 
set aside, at a temperature of from 21° to 24° C. for 3 days. Then distil a measured 
portion of the solution and determine the ammonia in the distillate by nesslerizing. 

The ammonia, as well as the nitrogen as nitrates and nitrites, can be 
determined in the course of the same operation and in the same sample 
of the solution. For this purpose it is only necessary to fit the distilla- 


* /. Assoc. Official Agr. Chem., 12, 70 (1Q29). 
*/. Chem. Soc., 55 , 538 (1889). 

^Ibid., 39 , 100 (i88z). 
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tion flask to a condenser and to remove all ammonia from the apparatus by 
boiling distilled water in the retort before introducing the solution. The 
distillate of 250 cc., obtained as described above, is well mixed and the 
ammonia is determined in from 25 to 100 cc. thereof, diluted to 150 cc. 
with ammonia-free water. The nitrogen, as nitrates and nitrites, is de- 
termined directly and alone. The error of the determination is as small 
as nesslerizing admits of, since it is possible, if necessary, to distil until 
the full amount of ammonia is obtained. 

THE NITRIC OXIDE PROCESS 

Schloesing Method. — The principle of the Schloesing’ method depends 
on the decomposition of nitrates in the presence of a ferrous salt and a 
strong mineral acid. The nitrogen appears as nitric oxide, the volume of 
which may be measured directly, or it may be converted into nitric acid 
and titrated by an alkali. The typical reactions that take place are rep- 
re.sented by the following equation : 

OFeCl, -r 2KN()^ -f- 811C1 aFeri, + 2KCI + 4H,>( ) + jNX). 


Fig. 7.— Schloe«ing-Wagm*r Apparatus. 

Schloesing-Wagner Method. — The Schloesing-Wagner method for esti- 
mating nitrogen in the nitrates of fertilizers is carried out at the Halle 
experiment station as follows: 

Provide a flask, Fig. 7, of about 250 cc. capacity with a rubber stopper with 
two holes; through one of them pass the stem of a funnel carrying a glass stop- 




* 2 . anal, Chem. 9 , 24 (1870). 
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cock and through the other a delivery tube that leads to the receiving vessel. The 
end of the delivery tube is bent so as to pass easily under the mouth of the meas- 
uring buret and is covered with a piece of rubber tubing. 

Place 50 cc. of saturated ferrous chloride solution and the same quantity of 10 
per cent hydrochloric acid in the dask. (The ferrous chloride solution is obtained 
by dissolving nails or other small pieces of iron in hot hydrochloric acid, and it is 
kept in glass-stoppered flasks of about 50 cc. capacity, entirely filled. The contents 
of one flask are enough for about 12 determinations and by using the entire con- 
tents of a flask as soon as possible after opening any danger of oxidation, which 
might take place in a large flask, is avoided.) Boil the contents of the flask until 
all the air is driven off. Then place the delivery tube under the measuring tube, 
which is filled with 40 per cent potash-lye and covered with a piece of filter paper. 
By careful and quick inversion bring the measuring tube into the vessel receiving 
it without allowing any air to enter. Continue the boiling for some time, and when 
no more air escapes bring the end of the delivery tube into another freshly filled 
measuring tube, and begin the estimation. Place 10 cc. of a saltpeter solution, con- 
taining 2.5 grams of pure .sodium nitrate in 100 cc., in the funnel, and with continued 
boiling allow it to pass, drop by drop, into the flask. When almost all the solution 
has run out wash the funnel three times with 10 cc. of 10 per cent hydrochloric acid 
and allow it to pass, drop by drop, into the flask. When no more nitric oxide is 
evolved transfer the measuring tube to a large jar filled with distilled water. 

The solution of the substance to be examined should be used in such 
quantity as will give about the same quantity of gas as is furnished by 
the 10 cc. of test nitrate solution described previously, that is, about 70 
cc. Eight or ten determinations can be made, one following the other, 
and finally another determination with normal sodium nitrate solution 
should be made as a check. At the end of the operation all the measuring 
tubes are in the large jar filled with distilled water. The temperature of 
the surrounding water will soon be imparted to the contents of each tube, 
and the volume of nitric oxide is read by bringing the level within and 
without the measuring tube to the same point. The percentages are cal- 
culated for the given temperature and barometric pressure in the usual 
way; or to avoid computation, the volume can be compared directly with 
the volume furnished by the normal nitrate solution, which is a much 
simpler method. 

Schulze-Tiemann Method. — The modification by Schulze-Tiemann^ of 
the ferrous salt method consists chiefly in the omission of the use of car- 
bon dioxide and in the simplified form of apparatus, which permits rapid 
work and also gives, according to some authorities, exact and reliable re- 
sults. Their procedure is as follows : 

^ Z. anal. Chem., 9 , 34, 401 (1870). 
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Reduce the extract representing 500 grams of the fine soil by evaporation to 
100 cc. and place in a glass flask, (Fig. 8), of 500 cc. capacity. Close the flask 
with a rubber stopper with two bent glass tubes passing through it. The delivery 
tube is drawn out into a point at a and reaches about 2 cm. below the surface of 
the rubber stopper. The tube efg passes just to the lower surface of the rubber 
stopper. The flask is connected by means of rubber tubes and pinch-cocks with 
the tubes d and h. The pinch-cock at c and g must be capable of closing the tubes 



Fig. 8 . — Schul/e-Tieinann Nitric Apparatus. 


air-tight. The end of the tube g h passes into a crystallizing dish, B, and is bent 
upward to a point passing 2 or 3 cm. into the measuring tube C. The point within 
the tube is covered with a piece of rubber tubing. The measuring tube C, together 
with the crystallizing dish, B, is filled with a 10 per cent solution of boiled soda-lye, 
which is obtained by dissolving 12.9 parts of sodium hydroxide in 100 parts of water. 

The liquid that is to be examined for nitric acid (the pinch-cocks being opened 
and the tube gh not dipping into the crystallizing dish), is boiled for i hour in 
order to drive the air out of flask A. The end of the tube h is then brought into 
the crystallizing dish containing the sodium hydroxide solution so that the steam 
from the flask. A, escapes partly through the tube c and partly through the tube g, 
but docs not allow the bubbles to enter the measuring tube C. To determine whether 
all the air is expelled, the pinch-cock at g should be closed. The soda-lye will 
thereupon rise to g in case no air interferes. It is best to close the tube at g first 
with the thumb and finger, and then the rise of the soda-lye to that point can be de- 
termined by the impulse felt. The tube is then firmly closed by means of the pinch- 
cock g. The rest of the steam is allowed to escape through the tube c, and the 
evaporation is continued until the contents of the flask are evaporated to about 10 
cc. The flask into which the tube c dips is filled with freshly boiled water. The 



28 o 


AGRICUI^TURAL ANAI.YSIS 


lamp is removed from the flask A, the pinch-cock is closed, and the tube c becomes 
filled with freshly boiled water. The measuring tube, C, filled with freshly boiled 
soda-lye, is placed over the end of the tube g. 

The pressure of the external air will now flatten the rubber tubes at c and g. 
The flask at the end of c, holding freshly boiled water, is then replaced with one 
filled with a nearly saturated solution of ferrous chloride containing some hydro- 
chloric acid. The flask containing the ferrous chloride solution should be gradu- 
ated so that the amount that is drawn into flask A can be determined. 

The pinch-cock c is opened and from 15 to 20 cc. of the ferrous chloride solu- 
tion is allowed to flow into A. The end of the tube c is then placed in another 
flask containing strong hydrochloric acid, and the latter is allowed to flow into the 
tube in small quantities at a time until all the ferrous chloride is washed out of the 
tube c into A, At the point b there is sometimes formed a little bubble of hydro- 
chloric acid in the form of gas, which entirely disappears when flask A is heated. 

Flask A is next warmed gently until the rubber tubes at the pinch-cocks begin 
to assume their normal condition. The pinch-cock at g is now replaced by the 
thumb and finger, and as soon as the pressure within flask A is somewhat stronger, 
caused by the nitric oxide gas evolved from the mixture, it is allowed to pass through 
the tube g and escape into the measuring cylinder C. By a manipulation of the 
finger and thumb at g, it is possible to prevent regurgitation of the sodium hydrox- 
ide into A, and at the same time to relieve the pressure of the nitric oxide in A, 
which would be difficult to do by means of the pinch-cock alone. 

The boiling of the liquid is continued until there is no longer any increase of 
the volume of gas in the measuring cylinder C. At the end of the operation, the 
tube g is removed from the dish B and the measuring tube C is closed by means of 
the thumb while its end is still beneath the surface of the soda-lye, and it is shaken 
until all traces of any hydrochloric acid that may have escaped absorption are re- 
moved. It is then placed in a large glass cylinder filled with water at the tempera- 
ture at which the volume of gas is to be read. After being kept at this constant 
temperature for about half an hour the volume of the nitric oxide can be read. 
For this purpose the measuring cylinder C is sunk into the water of the large 
cylinder until the level of the liquids within and without the tube is the same. 

One cubic centimeter of nitric oxide weighs at o® and 760 mm. barometric pres- 
sure 1.343 

Since two molecules of NO (molecular weight 60) correspond to one molecule 
of NaOs (108), the following equation may be formed: 60 : 108 :: 1.343 * x. 
Whence x = 2.417 mg., the weight of nitric acid (NsOs) corresponding to i cc. of 
nitric oxide. 

Merits of the Ferrous Chloride Process . — ^The possibility of an accurate 
determination of nitrates, by decomposition with a ferrous salt in presence 
of an excess of hydrochloric acid, has been established by many years of 
experience and by the testimony of many analysts. The method is espe- 
cially applicable when the quantity of nitrate is not too small and when 
organic matter is present. In the case of minute quantities of nitrate, 
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however, the process is inapplicable and must give way to some of the 
colorimetric methods. 

In regard to the apparatus, modern practice has led to the preference of 
that form which does not require the use of carbon dioxide, is the simplest 
in construction, and that has the smallest cubical content. The evolved gas 
is most simply measured by collecting it over lye in an azotometer, read- 
ing the volume, noting the reading of the barometer and thermometer, and 
then reducing to standard conditions of pressure and temperature by the 
customary calculations. When a very strong lye is used, the tension of the 
aqueous vapor may be neglected. Although every analyst should have a 
thorough knowledge of the ferrous chloride method and the principles on 
which it is based, it is not recommended over other methods. It cannot 
be compared in simplicity to the later methods for nitrates, which are 
based on the conversion of the nitric acid into ammonia by the action of 
nascent hydrogen, and in accuracy it does not appear to have any marked 
advantage over the reduction methods. 

Mercury and Sulfuric Acid Method. — This simple and accurate method 
for the determination of nitric acid in the absence of organic matter is 
known as the Cruni-Frankland^ process. It is based on the principle of 
converting nitric acid into nitric oxide by the action of mercury in the 
presence of sulfuric acid. As first described, the operation was conducted 
in a glass jar 8 inches long by 1.5 inches in diameter, filled with mercury 
and inverted in a trough containing the same liquid. The nitrate to be 
examined, in a solid form, was passed into the tube, together with 3 cc. 
of water and 5 cc. of sulfuric acid. With occasional shaking, two hours 
was allowed for the disengagement of the gas, which was then measured. 

JVarington's modification , — A graduated shaking-tube is employed;*' it 
allows the nitrate solution and oil of vitriol to be brought to a definite 
volume. The nitrate solution, with rinsings, is always 2 cc., and enough 
sulfuric acid is added to increase the volume to 5 cc. The sulfuric acid 
should give no gas when shaken with distilled water. Any gas given off 
in the apparatus before shaking is not expelled but is included in the 
final result. The persistent froth sometimes noticed when some kinds 
of organic matter are present is reduced by adding a few drops of hot 
water through the stopcock of the apparatus. The nitric oxide is finally 
measured. This method, which is accurate for pure nitrates, unfortun- 
ately fails in the presence of any considerable quantity of organic matter. 


* /. Chem. Soc,, RX, loi (iS68). 
*lbid,, 36 , 376 (1879)* 
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According to Warington’s observations, the presence of chlorides is no 
hindrance to the accurate determination of both nitric and nitrous acids 
by the mercury method. This simplifies the operation as carried on by 
F'rankland, who directs that any chlorine present be removed before the 
determination of the nitric acid is commenced. 

Lunge's Improved Apparatus. — Lungc^ has improved his apparatus for 
generating and measuring gases and extended its applicability. The part 



designed to measure the volume of a gas is the same in all cases. For 
generating the gas, the apparatus varies according to the character of the 
substance under examination. The measuring apparatus is shown in Fig. 
9. It is composed essentially of three tubes, conveniently mounted on a 


^ Bull. soc. clnm., 11 , 625 (1804) 
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wooden holder with a box base for saving any spilled mercury. The sup- 
port is not shown in the illustration. 


The tubes Aj B, C are connected by means of a three-way tube and rubber 
tubing with very thick walls to hold the mercury safely without expansion. In the 
middle of the measuring tube A is a bulb of 70 cc. capacity. Above and below, the 
bulb is divided into tenths of a cubic centimeter, and its diameter is such, viz. 113 
millimeters, that each cubic centimeter occupies a length of i cc. The upper end of 
A is closed with a glass cock with two oblique perforations by means of which com- 
munication can be established at will, cither through e with the apparatus for gen- 
erating the gas, or through d, with the absorption apparatus, or the opening be 
completely closed. 

Under the observed conditions, the volume of air that would measure exactly 
100 cc. at o'" and 760 mm. pressure of mercury is calculated by the formula: 


V 


100 (273 -4- /) 760 

273 ( ^ — / ) 


, where t equals observed temperature, h the barometric 


pressure less the correction noted below, and / the tension of the vapor of water 


under existing conditions. For example: 


Temperature 
Barometric reading 
Correction for 6 
Corrected barometer 
Vapor of water tension 


Then V = 


100 (273 4- 18) 760 
273 (753 — 16) 


18" 

755 

2 

753 

16 

lOQ.Q. 


This calculation indicates that 109.9 cc of air would occupy a volume of 100 cc 
when subjected to standard conditions. 

The tubes A, B, and C are filled with mercury, of which about 2.5 kg. will be 
required. By means of the leveling tul)e B, the stopper in C being opened, the 
mercury in C is brought exactly to 10Q.9 cc. The stopper in C is then closed, and 
mercury is poured into D, which is then closed with a rubber stopper carrying a 
small glass tube, as indicated in the figures. 

The leveling tube B serves to regulate the pressure on the gas in A; it is 
depressed or elevated, as the case may require. 

The tube for reducing the volume to standard conditions of temperature and 
pressure, viz. 0° and 760 mm. of mercury, is shown in C. In its narrow part, 
which has the same internal diameter as A, it is graduated to tenths of a cubic centi- 
meter. The upper end of C is furnished wdth a heavy glass neck, D, surmounted 
by a glass cup. In the neck is placed a ground-glass stopper carrying a groove 
below, which corresponds to a similar groove in the side of the neck, whereby com- 
munication can be established at will between the interior of C. and the exterior. 
The joint is also sealed by pouring mercury into D, as is shown in the figure. When 
the stopper is well ground and greased the reduction tube may be raised or lowered 
as much as may he necessary without any danger of escape or entrance of gas. To 
determine the position of the reduction tube C the reading of the barometer and 
thermometer at room temperature is taken. From the reading of the barometer 
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subtract i mm. if the temperature is below 12°, 2 mm. at a temperature from 12® 
to 19®, 3 mm. from 20® to 25®, and 4 nim. above 25®. 

When a gas has been introduced into the measuring tube A it is brought to the 
volume which it would assume under standard conditions by adjusting the tube C 
in such a way as to bring the mercury in C and A to the same height, and the sur- 
face of the mercury in C is exactly at ico cc. The gas in A is then at the volume 
which it would occupy under standard conditions, and this volume can be read 
directly. This adjustment is secured by moving the tubes B and C up or down. If 
ga.ses are to be measured wet, a drop of water should be put on the side of the 
upper part of C’, and if dry, of sulfuric acid before the adjustment for temperature 
and pressure. 

Method of Manipulation. — By the action of mercury in the presence of sulfuric 
acid, the nitrogen in nitrates, nitrites, nitrosul fates, nitroses, nitrocellulose, nitro- 
glycerol and the greater number of explosives may be obtained and measured as 
nitric oxide. The nitrogen compounds are decomposed in the apparatus shown in 
Fig. 10. 



Fig. 10. — Lunge’s Decomposition Apparatus. 


To make an analysis, the apparatus is filled with mercury, through F, until the 
two openings in the cock and i are entirely occupied with that liquid. The cock h 
is then closed, and the nitrogen compound, in solution, is introduced through g, 
care being taken that no air enters g when F is depressed and h is opened to admit 
the sample. The funnel g is washed several times with a few drops of sulfuric 
acid, which are successively introduced into Cr. The total liquid introduced should 
not exceed 10-15 cc., of which the greater part should be sulfuric acid. The rubber 
tube connecting G and F is carefully closed with a clamp, and G is violently shaken 
for a few minutes, until no further evolution of nitric oxide takes place. In shak- 
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ing, the apparatus should be so held as to prevent the escape of the mercury from 
the small tube i by keeping it closed with the finger or drawing over it a rubber cap 

After the evolution of the gas has ceased, the tube c (Fig. 9) is brought into 
contact with 1 (Fig. 10), and the two are joined by a tight-fitting piece of rubber 
tubing in such a way as to exclude any particle of air. The tube P (Fig. 10) is 
lifted, and B and C, Fig. 9, are depressed. On carefully opening the cocks h and b 
and bringing 1 and e into union, the gas is passed from G into A, When all the 
gas has entered A and the acid mixture from G has reached b, the latter is closed, 
as is also h The apparatus G is disconnected and removed. The gas in A is then 
reduced to normal conditions by manipulating the reduction tube C in the manner 
already described. 

The gas in ^4 is measured dry because it has been generated in the presence 
of rather strong sulfuric acid. Consequently, for this operation the adjustment of 
the volume of gas in € should be made in contact with a drop of strong sulfuric 
acid. In order to make the readings, such a quantity of material must be taken as 
will give not less than 30 and not more than 140 cc. of nitric oxide. 

Utility of the Method , — If it is desirable to use the nitric oxide method 
and at the same time avoid heating, the decomposition of a nitrate by 
means of metallic mercury and sulfuric acid affords a convenient and ac~ 
curate procedure. As a rule there is no objection to the application of the 
lamp except in the case of explosives, and in such cases the mercury 
method appears to have no advantage over the ferrous chloride process. 
Nevertheless, in the hands of a skilled worker, the results are reliable, and 
the process is a quicker one, on the whole, than that by distillation with 
ferrous chloride and hydrochloric acid. 

Du Pont Nitrometer. — The du Pont nitrometer is a modification of 
Lunge's apparatus. Beckett^ investigated this nitrometer as applied to the 
analysis of explosives and concluded that there is an appreciable quan- 
tity of nitrogen and nitrous oxide gas left in the sulfuric acid residue 
after the estimation of nitrogen in du Font's high nitrogen gun cotton, 
gun cotton, highly soluble nitrocellulose, blasting soluble nitrocellulose, 
and sodium nitrate. In conclusion, Beckett stated that the nitrometric 
estimation of nitrogen in nitrocellulose is invariably too low. He found 
that the time which is allowed to elapse between the introduction of the 
nitrocellulose and sulfuric acid into the nitrometer and the shaking has a 
decided influence on the results, in the case of nitrocellulose, but that this 
effect is less in the case of inorganic compounds. The results most nearly 
correct are obtained by using 15 cc. of 92.5-94 per cent sulfuric acid and 
by allowing 15 minutes to elapse between the introduction of the nitro- 


*/. Chem, Soc,, 117 , 220 (1920). 
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II — DuPont Nitrometer 


cellulose and acid into the nitrometer and shakinc^. In this case he stated 
that the error is approximately 0.7 per cent. 

Since the du Pont nitrometer can be used only in the analysis of in- 
organic nitrates and mixed acids and then only by approximating the true 
results through the elimination of the errors in the method by standardi- 
zation with a pure nitrate, and since a better method for fertilizer con- 
trol appeared to be available, the referee (Phelps)^ in 1920 recommended 
that the study of the du Pont nitrometer be abandoned. 

Sodium Nitrate by the Method of Difference. — In the analysis of Chile 
saltpeter by the direct method a variation from the dealers’ guaranty of 
0.25 per cent in the content of nitrogen is allowed — the equivalent of a 
total variation in the content of sodium nitrate of 1.52 per cent. Dealers 


*7. y 4 ssoc, 0 /haal Agr. Chem., B, 104 <1921) 
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and shippers have always been accustomed to estimate the quantity of 
sodium nitrate in a sample by difference, i. e.y by estimating the constitu- 
ents not sodium nitrate and substracting the sum of the results from ICK). 
Chile saltpeter usually contains so<lium nitrate, water, insoluble ferrugin- 
ous matters, sodium chloride, sodium sulfate and sometimes small quan- 
tities of potassium nitrate. 

The method by difference, also termed the West Coast refraction 
method, as given by Haskins’ is as follows: 

Moisture . — Weigh accurately, approximately 10 grams of the material (60 
mesh), spread out on a tared watch-glass and dry in a hot-air oven at 160 C. for 
exactly 5 hours; cool in a desiccator and weigh. The loss in weight represents 
moisture. 

Insoluble residue . — Dissolve approximately 50 grams of the material in JOO-300 
cc. of hot water and filter, preferably on a weighed Gooch crucihle. Afake the 
filtrate up to luoo cc. and preserve it for the suhsequent determinations of the other 
impurities. Dry the crucible and contents at 120 -130' C. to constant weight. The 
net weight represents the total insoluble matter. 

Sodium chloride. -Titrate 100 cc. of the solution, equivalent to 5 grams of ma- 
terial, with o.i .V silver nitrate solution. Before beginning the titration add 1-2 mg. 
t)f sodium carbonate to sharpen the end point with the potasiium chromate indicator 
(i cc. of a saturated potassium chromate solution). Add the silver nitrate solution 
slowly so that the red precipitate of silver chromate disappears as fast as it is formed ; 
otherwise there is a danger of its being occluded in the silver chloride. Take the 
end point at the first permanent reddish lint. One cc .of o.i N silver nitrate equals 

0.005846 gram of sodium chloride. Report as “Total chloride equivalent to per 

cent of NaCl.” 

Sodium S7ilf(ife. — In the determination of sulfates use exactly 100 cc. «:)f the 
filtrate from the in.soluhle residue deter niination. Expel nitric acid by evaporation 
with an excess of hydrochloric acid. Precipitate the .sulfuric acid with 10 cc. of 10 
per cent barium chloride solution. Barium sulfate X 0.60850 = sodium sulfate. 
Report results in terms of sodium sulfate. 

Pota.^h . — Determine the percentage of potassium oxide according to the official 
method. 

This method might give correct results if the sample contained only the 
materials mentioned, but other compounds may be present, such as sodium 
carbonate, potassium nitrate, stxlium chlorate, stxlium perchlorate, and 
salts of iron, alumina, lime and magnesia. The various determinations 
and calculations involved in this method take approximately three times 
as much time as is required by the direct estimation of nitric nitrogen. 
When the determinations outlined above have been carefully made, it 
is claimed that the result obtained by subtraction from 100 will not vary 

Assoc. Official Agr. Chew ., 4 , 66 (1920). 
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more than o.2-o,3 per cent from the true content of sodium* nitrate. The 
method, however, cannot be considered strictly scientific, and it is much 
more tedious than the direct determination of nitrogen. If potassium is 
present in appreciable quantities, the percentage of sodium nitrate cal- 
culated from the percentage of nitrogen will be too low, but as the ma- 
terial is sold on the basis of its content of nitrogen, this is of little prac- 
tical importance. 

ESTIMATION OF NITRIC ACID BY OXIDATION OF 
A COLORED SOLUTION 

Solutions of organic coloring matter in certain conditions are decolorized 
by nitric acid. The process is one of oxidation and the disappearance of 
the natural color marks the end of the reaction. Indigo is the only color- 
ing matter that has been used to any extent in this process. 

Marx Method. — -The indigo method is usually conducted according to 
the j^rincij)le described by Marx.' The following reagents and apparatus 
are required : 

Reagents 

(a) A solution of pure potassium nitrate containing 1.8724 grams ixt liter; 
i cc. of the solution is equivalent to i mg. of nitric anhydride (NA)^). 

(h) A solution of the best carmine in water, approximately standardized by 
solution in the manner described hereafter, and then diluted so that 6-8 cc. is equiva- 
lent to I mg. of nitric acid. 

(c) Chemically pure sulfuric acid. sp. gr. 1.842, perfectly free from sulfurous 
and arsenious acids and nitrogen oxides. 

(d) Several thin flasks of about 200 cc. capacity. 

(e) A small cylindrical measure holding 50 cc. and divided into cubic centi- 
meters. 

(f) A Mohr buret divided into tenths of a cubic centimeter. 

(g) A 25 cc. pipet or another buret. 

(h) A 5 cc. pipet divided into cubic centimeters or naif cubic centimeters. 

(i) A measuring flask of 250 cc. capacity. 

Preuminary Trial 

Transfer 25 cc. of the sample to a flask, fill the 50 cc. measure with sulfuric 
acid and fill the buret with indigo solution. Add all the sulfuric acid to the sample 
at one time, shake for a moment, and then run the indigo in as quickly as possible, 
shaking until a permanent greenish tint is produced. If the sample does not re- 
quire more than 20 cc. of indigo solution of the above strength, titrate directly; 
otherwise dilute with a proper quantity of pure water and resubject to the pre- 
liminary trial. 

’ 2 . anal. Chem., 412 (186S). 
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Actual Titration 

(i) Pour 25 cc. of the sample, properly diluted if necessary, into a flask and 
add as much indigo as was used in the preliminary trial. Add all at once, a quantity 
of sulfuric acid equal in volume to the liquid in the flask, shake the mixture, and 
then quickly add indigo solution out of the buret until the liquid remains perma- 
nently of a greenish tint. (2) Repeat the last experiment as often as may be 
necessary, adding to the water at first 0.5 cc. less indigo than the total quantity used 
previously, afterwards proceeding as in (i) until the final test shows too little 
indigo used. (3) From the rou'jh titration of the indigo, calculate the quantity of 
potassium nitrate solution corresponding to the indigo solution used in (2), multiply 
the result by lo, transfer this quantity of the standard nitrate solution to a 250 cc. 
flask, fill with pure water to the mark, and titrate 25 cc. of this fluid with indigo 
as in (2). If the quantity of indigo solution is nearly the same as that required 
in (2), calculate its exact value, but if it is not, make up another nitrate solution 
in the 250 cc. flask that more closely resembles the sample in strength, and repeat 
the titration with the indigo solution. (4) If the water contains any consideralde 
amount of organic matter, first destroy it by potassium permanganate. In this case, 
the estimation of the organic matter and nitric acid may be conveniently combined. 
The use of permanganate is likely lo introduce an error, as has been shown by 
Warington. The method, therefore, cannot be recommended in the presence of 
organic matter. 

Calcium Nitrate. — ^The analysis of calcium nitrate presents difficulties 
owing to the extremely hygroscopic nature of the salt, which renders it 
impossible to weigh the portion required for analysis in the usual way. 
The material should be crushed quickly in a dry mortar, mixed with a 
spatula, and transfered to a sample bottle stoppered with a rubber stopper. 
A quantity may be placed in a glass-stoppered weighing bottle, weighed 
and about 15 grams poured into a beaker. The bottle is weighed again. 
Another method is to weigh the bottle first, transfer about ii grams of 
the sample to it, and weigh again. The sample is dissolved and made up 
to icxx) cc. in a graduated flask. 

McCandless and Burton^ recommend that 20 cc. be evaporated to com- 
plete dryness in a Kjeldahl flask, with the addition of about 0.4 gram of 
sodium carbonate. Nitrogen is then estimated in the dried residue by the 
salicylic-sulfuric acid method. Since commercial calcium nitrate con- 
tains ammonium nitrate, and the ammonia is driven oft in the above pro- 
cess, it is necessary to estimate the ammonia in another aliquot of 25 cc. 
in the usual way by distillation with caustic soda. The nitrogen so ob- 
tained is added to the nitrogen found in the nitrate. This method re- 
quires two determinations. It should be possible to estimate the nitrogen 
directly in a 25 cc. aliquot by means of the Devarda method. 

*/. Assoc, Officiai Agr, 10 , 216 (1927). 
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Nitron Method. — The base nitron forms a difficultly soluble crystalline 
nitrate which can be used for the estimation’ of nitric nitrogen when the 
quantity is not too small, as follows : 

Dissolve 10 prams of the nitrate (or salt containinp about o.i gram of nitric 
nitrogen) in 500 cc. of distilled water and pipet 25 cc. into a 200 cc. beaker. Dilute 
with TOO cc. of water, add 10 drops of dilute sulfuric acid, and heat almost to 
])oilinp. Add 10 cc. of nitron acetate solution and cover, then place the beaker 
in ice water for an hour. Filter through a w^eighed (looch crucible, wash with 
ice water, and dry at 100 cc. to constant weight. The weight of nitron nitrate 
(C-oHiflX^.HNOs), multiplied by 0.03733, gives the w’cight of nitric nitrogen. Make 
the solution of nitron acetate by dissolving 10 grams of nitron in 100 cc. of water 
and 5 cc. of acetic acid and kec]) in a dark bottle to i)rotect it from the light. 

Nitron is diphenyl-cndo-anilo-hydro-triozal, and approximately o.oo()i) 
gram of the nitrate is soluble in 100 cc. of water. Bromides, iodides, 
nitrous acid, chromic acid, chloric acid, perchloric acid, picric acid and 
oxalic acid interfere with the determination. 

Prince*' tested the nitron method in 1927 and found it accurate and 
comparatively simple even in the presence of cyanide and urea. The high 
cost of nitron, however, eliminates the method for use in routine or control 
work, though it could be used for check work or for special purposes. 

ESTIMATION OP FORMS OF COMBINATION OF 
NITROGEN IN MIXTURES 

A difficult problem that is still under investigation is the estimation of 
the nitrogen in each form of combination in which it exists in a mixture. 
Methods that are suitable for a single form of combination may not be 
suitable for mixtures, because the reagents may act upon other constit- 
uents besides the one to be estimated. 

Qualitative Examination. — Ammonia . — Some of the sample is mixed 
with a little ix)wdered soda-lime. If ammoniacal nitrogen is present, 
free ammonia is evolved even in the cold and may be detected either by 
its odor or by testing the escaping gas with litmus or turmeric paper. A 
glass rod moistened with strong hydrochloric acid will produce white 
fumes of ammonium chloride when brought near the escaping ammonia. 

Nitrates in notable amounts arc diluted by treating an aqueous solution 
of the sample with a crystal of ferrous sulfate and strong sulfuric acid. 
The iron salt should be placed in a test tube with a few drops of the solu- 


‘ Scott, Standard Methods of Chemical Analy.<)is, 4th ed., 1Q25, p. 345. 
Assoc. Official A(fr. Chem., 11 , i86 (1928). 
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tion of the fertilizer, and the sulfuric acid should he poured down the 
sides of the tube in such a way as to run under and not to mix with the 
other liquid. The tube must be kept cold. A dark brown ring will mark 
the disk of separation betw'een the sulfuric acid and the aqueous solution 
in case nitrates are present in appreciable amounts. If the water solu- 
tion of the sample is too highly colored, the samjile may be dissolved in 
alcohol of 80 i)er cent strength. The coloration produced when alcohol 
is used is of a rose or pur[)le tint. 

Nitric nitrogen may also be detected by means of brucine. If a few 
drops of an aqueous solution of brucine are mixed with the same quantity 
of an aqueous extract of the sample under examination and strong sul- 
furic acid is added, as described above, a persistent tint varying from 
rose to yellow will develop at the disk of contact between the acid and 
the mixed solutions. 

The nature of the organic substances containing nitrogen is often re- 
vealed by simple inspection, as in the case of cottonseed meal. Frequently, 
however, the microscope must be used to determine the carrier of the 
organic nitrogen. The presence of hair, horn, hoof, dried blood, tankage, 
etc., may frequently be ascertained by microscoj)ic examination, but de- 
tailed methods cannot be described here. In most cases the qualitative 
chemical and microscopic examination will l>e sufficient. There may be 
cases, however, where the analyst will be under the necessity of using 
other means of identification suggested by his skill and experience or by 
the circumstances, 'i'hen the general appearance, odor, and consistency 
of the sample may afford valuable indications which will aid in discover- 
ing the origin of the nitrogenous materials. 

Differences in the density of various materials may be used to some ex- 
tent in their separation. If the material is mixed with chloroform or car- 
bon tetrachloride, heavy particles will sink and the lighter material will 
rise to the surface, permitting a certain degree of separation, especially 
if the material is coarsely ground, or not moist. Subsequent microscopic 
or physical examination of the separates may result in their identification. 

Ammonia in Mixtures. — The method for estimating ammonia in mixtures 
consists in distilling the solution with magnesium oxide, as already de- 
scribed. If, however, the material contains urea, the results are likely to 
be too high, as urea is decomposed in hot solutions by magnesium oxide, 
with the formation of ammonia. Ammonia may be estimated in the pres- 
ence of urea if the ammonia is removed by aeration instead of distillation. 
The following method may be used : 
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Prepare an apparatus consisting of a 400 cc. Erlenmeyer flask fitted with a 
three-hole rubber stopper. Run a tube through one perforation to the bottom of 
the flask and connect with wash bottles, one of which contains a solution of caustic 
soda and another dilute sulfuric acid to purify the air. The second perforation 
carries a dropping funnel, and the third has a tube leading into the receiving flask 
containing standard acid. This flask has a two-hole rubber stopper, one hole taking 
the tube from the decomposition flask, and the other connecting with suction. Ex- 
tract 7 or 10 grams of the fertilizer with distilled water and make up to 500 cc. 
Place 50 cc. in the Erlenmeyer flask. Add 50 cc. of caustic soda of about 45® Be. 
through the dropping funnel. Suck a current of air purified by the caustic soda 
solution and sulfuric acid solutions through the apparatus for 2 hours, keeping the 
temperature of the liquid 10-15“ C. Titrate the standard acid as usual. 

Jones Method for Nitrates and Ammonia. — The Jones method,^ pro- 
posed for the estimation of nitrates, reduces the nitrates with iron and 
provides a blank determination to correct for the action of the sodium 
hydroxide upon the urea or other organic material. The method is de- 
scribed as follows : 

Test the fertilizer qualitatively for nitrates. If present, proceed as 
follows : 

(1) Preparation of Solution . — Place 4 grams of the sample in a 150 cc. beaker, 
add 40 cc. of water, stir, filter by decantation into a 200 cc. graduated flask, and 
after all the residue is transferred to the filter wash to just under the 200 cc. mark, 
letting each washing run through before another is added. Make to 200 cc., mix, 
and treat aliquots of 50 cc. each as directed below. 

Or, place 4 grams of the sample in a 200 cc. flask, add 160 cc. of water, shake 
thoroughly for 5 minutes, make to 200 cc. in a graduated flask, and filter. 

(2) Ammoniacal Nitrogen . — Place 50 cc. (equivalent to 1 gram) of the solu- 
tion prepared according to (i) in a 500-600 cc. Kjeldahl distillation flask and add 
150 cc. of water and 5 grams of magnesium oxide (heavy). Connect with a con- 
denser, distil 100 cc. of the liquid into a measured quantity of standard acid, and 
titrate with standard alkali, using cochineal or methyl red indicator. 

(3) Nitrate Nitrogen . — Take aliquots for A and B from the same solution 
and run at the same time. (A) Place 50 cc. of the sample prepared according to 
(i) in a 500-600 cc. Kjeldahl distillation flask, add 10 to 12 perforated glass bead.s 
(3-5 mm.), 2 grams of reduced iron, and 10 cc. of dilute sulfuric acid (i + i). 
Rotate slowly and when violence of reaction has moderated, if any, place on a hot 
plate and boil gently for 5 minutes. Remove, add 40 cc. of water, and cool. Add 
100 cc. of strong sodium hydroxide solution, about 42® Be. (555 grams of sodium 
hydroxide in i liter of water). Connect at once with an upright condenser by means 
of a Kjeldahl connecting bulb, and boil until 150-160 cc. has distilled over, and the 
distillate, as it drops from the condenser, shows neutral to litmus paper. Collect 
the ammonia in a measured quantity of standard acid and titrate with a standard 
alkali, using cochineal or methyl red indicator. 


* Jnd. Eng. Chtm., 267 {1927)1 /. Assoc, OBcial Agr. Chem., 11 , $2 <t<>2S). 
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(The nitrogen obtained represents that from nitrates, ammonia salts, and other 
nitrogenous compounds, proteins, cyanamide, urea, etc., that have been changed, 
wholly or partially, to ammonia by this treatment.) 

(B) Correction ^/aw A’ .— Place 50 cc. of the sample prepared according to (i) 
in a 500-600 cc. Kjeldahl distillation flask and proceed exactly as under (A), but 
do not add reduced iron. 

The nitrogen obtained represents that from ammonia salts and other nitro- 
genous compounds, proteins, cyanamide, urea, etc., that have been changed wholly 
or partially to ammonia by this treatment. 

The percentage of nitrogen obtained by procedure (A) minus that obtained by 
procedure (B) equals the percentage of nitrogen from nitrates contained in the 
sample. 

Caution : When cyanamide is present in amounts greater than 150 pounds per 
ton or the distillate under (3-A) or (B) fails to show neutral when finally tested 
with litmus paper, repeat procedures (A) and (B), using a 25 cc. aliquot (0.5 gram) 
and add 25 cc. of water previous to the addition of the 10 cc. of sulfuric acid (i -f- i). 

General Observations on the Jones Method . — A critical study of this 
method indicates that its success depends on securing a proper blank for 
correction (B). This, it is evident, must very closely offset any change 
due to the evolution of hydrogen other than its action on the nitrate pres- 
ent. For this reason the concentrated soda solution was employed. 

The addition of perforated glass Ixjads insures gentle boiling, free from 
bumping, and no frothing. From 50 to 60 minutes is usually required for 
the distillation of (A) and (B), and the flasks should rest on a.sbestos- 
coated wire gauze. At the completion of the process add water to the 
flasks before cooling to prevent caking. In making the solution of the 
sample it is only necessary to dissolve all the nitrate and ammoniacal salts 
present. The amount of nitrogen from tankage, cyanamide, etc., that re- 
mains undissolved is unimportant. 

The experiments of Jones with the proposed method indicate that any 
action of hydrogen on the organic materials is offset by the effect of the 
concentrated soda solution used in the blank. The apparent nitrate pres- 
ent was 0.03-0. 1 1 per cent in the samples containing cyanamide with no 
nitrate ; in other samples the blank was greater than the determination but 
within the limits of error. 

The official reduced iron method, in the samples containing cyanamide, 
indicated 0.56, 1.12, and 1.65 per cent of nitrate nitrogen though none 
was present. 

It seems possible that cyanamide or urea added to superphosphate may 
be partially converted to ammonia. This portion is now classed as mineral 
nitrogen regardless of its original source. 
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Bobertson Method.^ — The methods used at the present time for dis- 
tinguishing sharply between the organic and mineral nitrogen when cyana- 
mide, urea and acid fish are used in fertilizer mixtures are not entirely 
satisfactory. The Arnd, Devarda and reduced iron methods are known 
to give erroneous results in the presence of such materials. While the 
Jones method is a distinct improvement over these methods for the de- 
termination of mineral nitrogen in commercial fertilizers in the ]>resence 
of calcium cyanamide and urea, it is not so rapid, accurate or definite. 
A method suggested by B. F. Robertson at the 1927 meeting of the 
A. <). A. C., involving the following principle was tried out by the 
Referee on Nitrogen during 1928 and 1929. 

An aliquot portion of the fertilizer solution is boiled with sulfuric acid 
and ferrous sulfate. In the reaction of the nitrates the nitrogen mon- 
oxide (N O) produced combines with the ferrous sulfate to form an 
unstable compound. 

7FeS(), + 3H,S0, + 2llN(), 

FeSO, (NO,) + 3Fe, (SO,), + 4H,(). 

During the digestion, the nitrate nitrogen is therel)y driven off. The 
water-soluble nitrogen is previously determined by subtracting the in- 
soluble nitrogen from the total nitrogen. Then the difference between the 
water-soluble nitrogen and the nitrogen obtained after the ferrous sul- 
fate digestion gives theoretically the nitrate nitrogen, ^'he actual pro- 
cedure is as follows ; 

(1) Determine the total nitrogen by the usual method. 

(2) Weigh out 2 grams of the fertilizer mixture, wash to 200 cc., and deter- 
mine the nitrogen in the residue by any of the modifications of the Kjeldahl methods. 
The difference between the results of these two determinations gives the water- 
.soluble nitrogen. 

(3) Distil 50 cc. of the filtrate, equivalent to 0.5 gram, with magnesium oxide 
for ammoniacal nitrogen as described in Methods of Analysis, A. 0 . A. C. 

(4) Take another 50 cc. portion of the same solution, put into a 500 cc. Kjel- 
dahl flask together with 2 grams of ferrous sulfate and 20 cc. of sulfuric acid (sp. 
gr. 1.84). Digest over a hot flame. After the water is evaporated and white 
fumes appear, continue the digestion for at lea.st 10 minutes, thereby driving off 
the nitrate nitrogen. If the solution docs not clear, add 0.65 gram of mercury 
and boil until clear, dilute, and add potassium sulfide solution to precipitate mer- 
cury as usual. Cool, dilute, and distil with strong caustic soda in the usual way. 
Add a pinch of a mixture of zinc dust and granular zinc (20 mesh) to each flask 
before distillation to prevent bumping. 


V. Asavc. Official Agr. Chem., 12 , 176 (1929). 
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1 (total) — 2 ( water-iiisolublf) gives water-soluble nitrogen. The difference be- 
tween the water-soluble nitrogen and the nitrogen obtained in 4 gives the nitrate 
nitrogen. 3 (ammonia nitrogen) -j- nitrate nitrogen gives total mineral nitrogen. 
Total nitrogen less mineral nitrogen gives the organic nitrogen. 

This method is beinj^ studied by the A. O. A. C., and the latest revision 
of the methods should be consulted. 

Short Robertson Method for Nitrates. — When water-soluble nitrogen is 
not desired, the use of ferrous sulfate offers a short method for the de- 
termination of nitrates alone. To 0.5 gram in a Kjeldahl flask add 50 cc. 
of water and 20 cc. of concentrated sulfuric acid. Digest until the water 
is evaporated and white fumes appear. Add 0.7 gram of mercury and 
complete the work as usual. Subtract the nitrogen so secured from the 
total nitrogen to get the nitric nitrogen, ^'his method was suggested by 
Jones in 1929. 

Nitrogenous Chemicals in Animal or Vegetable Nitrogenous Materials. — 

Moore and White^ studied methods for estimating any nitrogenous adul- 
terants that may he added to tankage. The methods could be useful for 
this ])urp()se as well as for others. 

Mechanical Separation of Cyanamidc and Sulfate of Ammonia, — The 
silver nitrate test for evanamide usually fails to show this material when 
l)resent in tankage. If .some of the sample is mixed with carixm tetra- 
chloride, the heavy particles, including cyanamide, sulfate of ammonia, 
etc., will settle to the bottom of the container, while the tankage will float. 
Cyanamide can easily be detected in the portion which settles, by means of 
silver nitrate. 1'he test should be applied as follows : 

Place 30-40 grams of the tankage, preferably groinul to pass a lo-mesh sieve, 
in a lx‘aker, add about 200 cc. of carbon tetrachloride, and stir. After allowing the 
mixture to settle a .short time, transfer the lighter floating material, along with 
most of the carbon tetrachloride, to another container and test the heavier portion 
for sulfate of ammonia, cyanamide, etc. If the carbon tetrachloride-tankage mix- 
ture is mixed with an approximately equal volume of turpentine, crystals of urea, 
if 1 resent, will appear floating or in partial suspension. 

Qualitative Tests for Sulfate of Ammonia, Urea and Cynamide. — Mix 
about 5 grams of the sample with about 150 cc. of water in a beaker. 
After allowing to stand for a few minutes, filter and test the filtrate as 
described below. For nitrates, use the test for ferrous sulfate already de- 
scribed. 

Cyanamide. — Dry a small portion of that part of the sample which 
settled out when mixed with carbon tetrachloride, stir with water and 


*/«<!, Bng. Chem., 19 , .i64 <*Qa7)- 
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filter. To a portion of this filtrate add 10 cc. of 5 per cent solution of 
silver nitrate. A yellow or brownish yellow precipitate indicates cyan- 
amide. This cyanamide precipitate is insoluble in ammonia, but soluble in 
nitric acid. There is little difficulty, however, in detecting cyanamide, as 
the characteristic odor is evident in that portion which settles from carbon 
tetrachloride. 

Sulfate of Ammonia . — The needle-like crystals of sulfate of ammonia 
are usually detected by the naked eye or with the aid of a magnifying glass. 
Its presence can be confirmed by adding a few drops of caustic soda to a 
portion of the same filtrate mentioned and warming slightly. Ammonia 
fumes will indicate the presence of ammonia salts. Another portion of 
the filtrate can be tested with barium chloride. A preci])itate of barium 
sulfate will be formed if sulfates are present. 

Urea . — Test a portion of the filtrate by adding a few drops of bromine 
water and caustic soda solution. If urea is present, the solution will 
effervesce, liberating nitrogen gas. Urea melts at about 132'^ C., losing 
ammonia and forming biuret, which w’hen treated with a solution of caustic 
soda containing a trace of copper sulfate produces a reddish violet solution. 

Qua.ntitative Determination 

Solution I. — Transfer 5 grams of the ground tankage to a beaker, and ado 
about 100 cc. of grain or denatured alcohol (formula No. 30) redistilled ovci 
caustic soda until practically anhydrous. Allow to .stand 30 minutes, stirring fre- 
quently. Transfer the residue from the beaker to a filler and wash with alcohol, 
finally making the volume of the filtrate to 250 cc. 

Solution 2 . — Wash the residue on the paper from Solution i into a 250 cc. volu- 
metric flask with about 150 cc. of water, shake frequently for 15-30 minutes finally 
making to volume. Pass through a dry filter and use the filtrate for determining 
ammoniacal nitrogen. 

Solution 3. — Transfer 5 grams of the sample into a 250 cc. volumetric flask, 
add about 200 cc. of water, stopper, and shake frequendy for i hour. Make to 
volume and pass through a dry filler. Use this solution for determinirg cyanamide 
and nitrate nitrogen. 

Nitroi/cn in Form of Nitrate . — Transfer two 50 cc. portions of Solution 3 to 
separate Kjeldahl flasks and determine nitrate by the Jones method, previously de- 
scribed. 

Nitrogen in Form of Cyanamide . — To a 50 cc. aliquot of Solution 3 add an 
excess of 5 per cent silver nitrate solution, and finally 20 cc. of lo per cent potas- 
sium hydroxide solution. Filter and wash the brown precipitate and determine 
nitrogen in the residue by the Kjeldahl method, substituting i gram of copper sul- 
fate in place of mercuiy (modified Caro method). (This method includes nitrogen 
present as cyanamide and as dicyandiamide.) 
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Nitrogen as Ammonium Sulfate or Ammonia ►S’a/Zjr. —Transfer a 50 cc. aliquot 
from Solution 2 to a Kjcldahl flask, add 150 cc. of water and excess of magnesium 
oxide, and distil. The ammonia thus collected indicates that present in the form 
of ammonia salts, usually referred to as free ammonia. If urea is not present, 
use Solution 3, hut extraction with alcohol will remove small quantities of urea 
usually present in organic materials 

Nitrogen as Urea . — Transfer 50 cc. of the alcoholic solution into a 500-600 cc, 
Kjcldahl flask, add 100 cc. of water, and cool. Add 0.25 gram of urease, connect 
the flask to the condenser, and allow to stand cold for 30 minutes, shaking fre- 
quently. Finally add about 1 gram of paraftin and 5 grams of heavy magnesium 
oxide, and distil until about ico cc. has been collected. The nitrogen present in the 
urea is converted by the urea^-e quantitatively to the form of ammonia, which is 
distilled and collected as de'-cribed previously in excess standard acid. If am- 
monium nitrate, which is slightly soluble in alcohol, is present, this procedure should 
be slightly modified as follows: Transfer 50 cc. of Solution i into a 500-600 cc. 
Kjcldahl flask, add 75 cc of nearly absolute alcohol, add magnesium oxide, and 
distil about 75 cc., collecting in standard acid. The ammonia thus collected would 
otherwise be determined as urea ammonia. This recovered ammonia should be 
added to the free ammonia as determined in Solution 2. 

When the free ammonia is (ietermined by distillation with magnesium 
oxide, without removing urea, too much ammonia is found. It is thus 
apparent that when urea is present it is necessary to remove it with alcohol 
in order to determine the free ammonia accurately, as from 5 to 10 per 
cent of the ammonia in urea will be driven over by boiling with magnesium 
oxide and water. 

The modified Caro method for determining cyanamide ammonia gives 
slightly high results. It is advisable, when cyanamide is present, to make 
up a mixture of known analysis to run along as a check. 

ESTIMATION OF NITROGENOUS CONSTITUENTS 
OF CALCIUM CYANAMIDE 

The methods for the estimation of the nitrogenous constituents of cal- 
cium cyanamide, as furnished by the President of the American Cyanamid 
Company, are given below. These methods may be useful in other con- 
nections. In alkaline solution, cyanamide tends to change to other forms 
of nitrogen compounds. It is necessary, therefore, not to permit alkaline 
cyanamide solutions on which determinations are to be made, to stand 
longer than a few minutes. In the procedure below, cyanamide and urea 
are determined from one solution. Dicyandiamide and guanylurea are de- 
termined from separately weighed samples. In the determination of 
cyanamide and urea, it is advisable to carry the cyanamide determination 
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through the precipitation of the silver cyanamide and to carry the urea 
determination through the point where the urease addition is made. The 
cyanamide determination may then be comi)leted during the progress of 
the urea determination. 

Total Nitrogen — Weigh a i gram sample into a Kjcldahl flask, add 30 cc. of 
amcentrated sulfuric acid, and heat for i hour on the rack. Complete the deter- 
mination according to the regular Kjeldahl procedure, using 0.5 N acid. 

Cyanamide Nitrogen . — Weigh a 5 gram sample into a porcelain mortar and 
grind thoroughlj^ with water. Transfer the mixture to a 500 cc. volumetric flask 
and shake at short intervals for 30 minutes. Filter the solution through a dry paper, 
rejecting the first 25 cc. of filtrate. Pipet a 50 cc. portion into a 600 cc. beaker, 
dilute to 300 cc., and add 5 cc. of concentrated ammonia and an excess of 5 per cent 
silver nitrate solution. Stir to coagulate the precipitate, filter, and test the filtrate 
for complete precipitation by adding more silver nitrate solution. Wash the pre- 
cipitate with cold water until the washings are no longer alkaline to phenolphthalein. 
Transfer the filter paper and precipitate to a Kjeldahl flask and determine the nitro- 
gen by the regular Kjeldahl procedure, using o.i .V standard acid and alkali solu- 
tions. Report the result as percentage of cyanamide nitrogen. 

Dicyandiamide Nitrogen — Grind a 2 gram sample with water in a porcelain 
mortar for 30 minutes. Filter into a 100 cc. volumetric flask. Wash the residue 
until the volume of the filtrate is nearly 100 cc. Make the solution neutral to 
phenolphthalein and make the volume up to 100 cc. Pipet a 25 cc. portion intt) a 
150 cc. beaker and add exactly 7 cc. of concentrated hydrochh)ric acid. Suspend 
the beaker over a gently boiling water bath and leave it there exactly 15 minutes. 
Allows the solution to cool and then add 40 per cent sodium hydroxide until the 
solution is just barely alkaline to phenolphthalein. Add 5 cc. of alcoholic picric acid 
solution (6 grams in 100 cc. of 95 per cent alcohol). Allow to stand for i hour, 
filter on a weighed Gooch crucible, and wash with a little cold water. Dry at 
105" C., cool in a desiccator, and weigh. Add a correction of 0.0044 gram for each 
25 cc. of filtrate and washings. Multiply the corrected weight of the precipitate 
by 0.169 to obtain dicyandiamide nitrogen. Correct for any guanylurea present in 
the original sample and report as percentage of dicyandiamide nitrogen. This de- 
termination depends upon the hydrolysis of dicyandiamide to guanylurea and the 
precipitation as guanylurea picratc. 

Urea . — Pipet a 50 cc. portion of the solution for the determination of cyana- 
mide into a 600 cc. beaker, dilute to 400 cc., and make exactly neutral to methyl red. 
Add a solution of 0.5 gram of urease in 25 cc. of water that has been made neutral 
to methyl red. Allow the solution to stand overnight at room temperature or for 
3 hours at about 40° C. Add a few drops of methyl red if necessary and a meas- 
ured excess of o.i N hydrochloric acid. Remove carbon dioxide by aerating with 
purified air and titrate with 0.1 N sodium hydroxide solution. 

If more than 10 cc. of 0.1 N acid is neutralized by the ammonia from the urea, 
the result is not reliable and the determination should be repeated with a smaller 
sample. The urease method is based upon the fact that in approximately neutral 
solution, urea is qt;iantitivcly converted to ammonium carbonate by the enzyme 
urease, which occurs principally in the soy or jack bean. So far as is known the 
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urease method is specific for urea. Cyanamide, dicyandiamide and guanylurea have 
no influence. In the presence of calcium salts the calcium must he removed hy the 
use of sodium carbonate and the excess of carbonate destroyed by acidification and 
aeration before the iirea.se is added. In the analysis of the fertilizer mixtures con- 
taining soluble phosphates, the phosphate mu.st be removed with barium hydroxide 
and the excess of barium with sodium carbonate. The excess of sodium carbonate 
is then removed by acidification. 

Guanylurea . — Weigh a 2 gram sample into a mortar and grind with water for 
half an hour. Filter into a 100 cc. volumetric flask and wash the residue until the 
volume of the filtrate is nearly 100 cc. Make the solution exactly neutral to phenol- 
phthalein by adding dilute nitric acid (1 + 3). Make up to 100 cc. and pipet a 25 
cc. portion into a 150 cc. beaker. Add 5 cc. of alcoholic picric acid solution and 
scratch the sides of the beaker for 2 minutes. Allow to stand for at least 1 hour. 
Filter the precipitate of guanylurea picrate on a weighed Gooch crucible. Wa.sh any 
precipitate remaining in the beaker into the crucible, using two portions of 5 cc. 
each of distilled water. Dry the precipitate at 105"^ C. for i hour, cool in a desic- 
cator, and weigh. Add a correction of 0.0044 gram for each 25 cc. of filtrate and 
wa.shings. Multiply the correct weight of the precipitate by 0.169 to obtain guanyl- 
urea nitrogen. 

Insoluble Nitrotien — Weigh a 2 gram sample into a mortar and grind thoroughly 
with water. Filter on a paper and wash the residue with at least 250 cc. of water. 
Transfer the paper to a Kjeldahl flask and determine the nitrogen in the residue 
by the usual Kjeldahl procedure. 

UREA ALONE AND IN PRESENCE OF CYANAMIDE 

A study of the e.stiniation of urea alone and in cyanamide has been 
made by Fox and Gelderd.^ The method is based upon the conversion of 
urea into ammonium car])onate by the enzyme urease and the estimation 
of the ammonia so formed by means of standard acid. 

In aqueous solutions the enzyme urease converts urea into ammonium 
carbonate and so far as is known it is specific for urea. The ammonia 
thus formed can then be readily determined by titration with an acid. The 
enzyme was discovered in the soy bean by I'akeuchi about 1909, and has 
since been found in t[uite a variety of beans. It occurs principally, how- 
ever, in the jack bean {Cmavalia emiformis). According to Mateer and 
Marshall, the jack bean contains fifteen times and the sword bean five 
times as much urease as the soy bean. The enzyme is extremely sensitive* 
to acids and alkalies. Hydrochloric acid in concentrations greater than 
0.005 ^ completely inhibits its action, while sodium hydroxide in con- 
centrations greater than 0.02 N also inhibits its action. Temperature 
greatly affects its rate of reaction, each 10^ rise in temperature betw^een 
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io° and 50^ C. causing the velocity to nearly double. A temperature of 
80"^ C. or more will desti'oy its activity. 

Most salts have a depressing effect on the action of the urease. Sodium 
chloride in concentration of 0.25 per cent depresses the rate of reaction 
to about two-thirds normal, while a concentration of 1 per cent depresses 
the rate to one-half normal. Barium and calcium chlorides completely 
inhibit the action of urease after the conversion is about 75 per cent com- 
plete. If these salts are present, it is necessary to remove them from 
solution previous to the addition of the urease. This is readily accom- 
plished by precipitating them as carbonates. The excess carbon dioxide 
is then removed by aeration. 

Several methods of preparing and preserving the enzyme have been 
devised. The enzyme is more active, however, when freshly extracted, 
and for that reason it is best to prepare it each day as needed. A few 
grams of jack-bean flour are extracted with tw'enty times its weight of 
water for 10-13 minutes, exactly neutralized with hydrochloric acid (about 

1 cc. of o.i N liCl ]X'r gram of jack-bean flour), and filtered. Ten 
cubic centimeters of this extract is sufficient to convert o.i gram of urea 
to ammonia in less than i hour. 

Urea in Absence of Interfering Substath cw - out a c.5 gram sample and 

dissolve it in 250 cc. of water. Pipet 25 cc. into a tall- form, wide-moutli bottle of 
about 100 cc. capacity, add a few drops of methyl red indicator and bring to exact 
neutrality, using 0.1 N hydrochloric acid or sodium hjdroxidc. Add 10 cc. of neu- 
tral urease solution and let stand for i hotir, keeping the bottle stopped. Add 
from a buret a measured excess of standard 0.1 N hydrochloric acid solution, in- 
sert into the bottle a glass tube with a small bulb and fine holes at its lower end, 
connect with the air line through a series of acid and alkali gas-washing bottles, 
and aerate as vigorously as possible without danger of losing some of the solution 
through spattering, until all the carbon dioxide is removed (5-10 minutes). Two 
or three drops of caprylic alcohol or liquid petrolatum added to the solution will 
prevent frothing. After aerating reduce the current of air and titrate the solu- 
tion to exact neutrality with o.i N sodium hydroxide solution. The quantity of 
nitrogen in the urea is calculated from the 0.1 hydrochloric acid used by the 
ammonia produced. 

Urea in Cyanamide . — Extract 2 grams of cyanamide with 400 cc. of water for 

2 hours, add 2 grams of anhydrous sodium carbonate to precipitate the calcium, and 
continue to shake for another half hour. Filter the extract through a dry filter 
and take 25 cc, aliquots for the estima.ion of urea. Pipet the aliquots into the 
bottles mentioned previously, make the solution distinctly acid with dilute hydro- 
chloric acid, and aerate until all the carbon dioxide is expelled, as shown by the 
sharpness of the end point in the subsequent neutralization. Then make the solu- 
tion exactly neutral, using methyl red as indicator, add urease solution, and de- 
termine urea as described above. 
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Nitrates in Presence of Cyanamide or Urea. — Jacob^ made a study of 
the estimation of nitrogen by the Devarda method in the presence of cyan- 
amide and urea and proposed the following methods. 

1. Nitrate Nitrogen in Absence of Interfering Compounds , — This method is 
essentially that devised by Allen, 

Measure a suitable aliquot of the solution containing the nitrate into an 800 cc. 
Kjeldahl flask, add 5 cc. of 20 per cent sodium hydroxide, and make the total volume 
lip to 350 cc. Connect the flask to a distilling apparatus, fitted with an eflicient tyi)c 
of scrubber bulb, and boil until 300 cc. of distillate collects in the receiver wh.ch 
removes all ammonia, either free or combined. Add to the 50 cc. of .solution re- 
maining in the flask 200 cc. of water and 1.5-2 grams of nitrogen-free Devarda’s 
alloy (about 60 mesh). Immediately connect the flask with the distilling apparatus, 
and redistil 200 cc, into a known quantity of o.i or 0.05 N sulfuric acid in the 
course of about i hour. 

The nitrogen, as ammonia, found by titrating the excess sulfuric acid 
rejiresents the nitrate present in the original aliquot. The Kjeldahl flasks 
should be free from all traces of Devarda’s alloy or zinc before distilling 
off the original ammonia; otherwise some of the nitrate may be reduced 
and thus fail to appear in the final nitrate determination. 

2. Nitrate Nitrogen in Presence of Cyanamide, Dicyandiamidc and GiianyC 
urea . — To a measured sample containing these forms of nitrogen add 100 cc. of 
a saturated .solution of silver sulfate and 10 cc. of a 15 per cent solution of potas- 
sium hydroxide. Allow the precipitate to stand for about i hour, with frequent 
stirring, and then filter directly into an 800 cc. Kjeldahl flask; wash the precipitate 
six times with 10 cc. portions of water, add 5 cc. of 20 per cent sodium hydroxide 
to the flask, and make the total volume up to about 350 cc. After distilling off the 
ammonia, determine the nitrate as described above. Urea is only partly removed 
by this procedure. Run blank determinations on all samples of silver sulfate, as 
this compound, unless especially purified, usually contains an appreciable quantity 
of nitrate. 

3. Nitrate Nitrogen tn Presence of Urea , — Treat a neutral aliquot of the 
original solution containing urea, nitrate, and other forms of nitrogen with 10 cc. 
of a neutral 2 per cent extract of jack-bean flour and allow to stand for i hour. 
At the end of this time the enzyme urease will have converted the urea present into 
carbon dioxide and ammonia. In order to free the solution of the nitrogen added 
in the jack-bean extract, treat wdth silver sulfate and potassium hydroxide solu- 
tions as in the previous procedure, and determine nitrate nitrogen as described above, 
after first distilling off the ammonia. Cyanamide, dicyandiamide, and guanylurea 
are also removed by this procedure. 

Estimation of Perchlorate in Chile Saltpeter. — Occasionally potassium 
perchlorate occurs in Chile saltpeter. The method used for its estimation 

^ Ind, Eng. Chem,, 16 , 1175 (1923). 
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depends upon the results of the determination of the chlorine content of 
the material under investigation both before and after the decomposition 
of the ])erch]orate. The conversion of perchlorate of ])otassium is secured 
by sim[)Ie ignition or by ignition after the addition of different reagents, 
as for example metallic lead, caustic lime, sodium carbonate or magnesium 
oxide. The following method is recommended by Seleckmann:^ 

Place 5 grams of Chile saltpeter, in which the quantity of chlorine has been 
determined, in a porcelain crucible of about 40-50 cc. capacity, add 15-20 grams of 
lead borings, and submit to a gradually increasing heat. When the salt and lead 
are melted, stir the mass vigorously with a copper wire, so regulating the heat as 
not to cause a too rapid e\aporati(ai of the mass. When the mass begins to thicken 
and only a few bubbles (^f gas are escaping, increase the heat sufficiently to pro- 
duce a dark red color on the bottom of the crucible and hold at this temperature 
for I or 2 minutes. After cooling, scjften the melt, which now^ contains nitrate and 
chlorate, wdth hot water and wash into a beaker. Add 3-4 grams of carbonate of 
soda and gradually warm the mivture. After filtering add nitric acid to the filtrate 
to acidity and estimate the chlorine in the usual way with the nitrate of silver. 
From the amount of chlorine obtained, subtract that which w'as originally present. 
The difference is the chlorine due to perchlorate. 

OUALITY OF ORGANIC NITROGEN 

Two methods, the so-called neutral ))ermauganate method and the alka- 
line permanganate method, have been devised for testing the quality of 
organic nitrogen in fertilizers. They do not measure the availability of 
the nitrogen, hut merely aid in distinguishing between good and poor 
sources of organic nitrogen. 

Methods for Testing the Quality of Insoluble Organic Nitrogen. — Meth- 
ods for testing the quality of insoluble organic nitrogen developed from 
attempts to secure a method which would show the relative availability of 
various nitrogenous organic materials. S. H. T. Hayes tried perman- 
ganate of potash in 1S95. John P. Street, in 1896, reported on a com- 
parison of Hayes j)ermanganate method with a pepsin-hydrochloric acid 
method. A comparison of the pepsin-hydrochloric acid method, acid per- 
manganate method, and alkaline jiermanganate method, and the results of 
pot experiments were re})orted by Street in 1897. Davidson, Shiver, Per- 
kins, Morse, and C. H. Jones studied various modifications of the per- 
manganate methods, but the pei)sin-hydrochloric was abandoned as too 
tedious and unsatisfactory. The alkaline permanganate method was 
adopted as provisional in 1904, and studies were discontinued until 1910, 

anpew. chent., 11 , loi (1898). 
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when C, H. Jones took up the work again, and C. L. Hare (1912), R. N. 
Brackett and H. D. Haskins continued it. The ])ermanganate method de- 
veloped into two distinct methods: the so-called neutral method and the 
alkaline method. 

The neutral permanganate method includes the digestion of the insoluble 
organic nitrogen with a solution of permanganate of potash (containing 
sodium carbonate) under specified conditions, and subsequent estimation 
of nitrogen in the residue by means of the regular Kjeldahl method. The 
nitrogeneous material which goes into solution is more available to })lants 
than that which resists the action of the permanganate. 

In the alkaline permanganate method the insoluble material is digested 
with alkaline permanganate, and the ammonia produced is distilled off. 
The material must be dissolved, and the nitrogen must also be converted 
into ammonia. A smaller quantity of nitrogen is converted into ammonia 
by the alkaline ])ermanganate than is made water-soluble by the neutral 
])ernianganate. For details of the methods reference should be made to 
the latest edition of Methods of Analysis, A. O. A. C. 

1 'he alkaline and neutral methods were ado])ted in 1914. In 1916 H. I). 
Haskins^ reviewed the method and reported vegetation tests and colla- 
borative work. A brief review of the literature is given by Carlyle and 
Fraps- in 1927. An extensive study of the method was made by H. C. 
Moore and R. W’hite*' in 1926, and by John B. Smith^ in J927 and 1928. 

Use of sodium carbonate in the neutral permanganate method. — The 
neutral permanganate method was first a])plied to unmixed materials, and 
as originally devised it did not call for the use of sodium carbonate. In 
1912, Streep'^ found that the method did not give the same results as mix- 
tures of nitrogenous materials with acid phosphate (superphos])hate), 
as it did on the unmixed substances. He ascribed this to the acidity of 
the mixtures, and found that when sodium carbonate was added to the 
mixture, satisfactory results were secured. Since that time sodium car- 
bonate has been u.sed in the so-called neutral permanganate method. 

Chemistry of the Decomposition . — Robinson and Winter^ discuss the 
decom])osition process by alkaline permanganate. The action of alkaline 
permanganate solution upon protcids in fertilizers may be divided into 


* /. Assoi. Officxal Agr. C henu, 3 , 304 (iqco). 

10 , 188 (1027). 

^ Ibid., 202. 

* Ibul., 11 , iQi (19.28); 12 , 182 (19^9). 

“Ini. Chem., 4 , 437 (1012). 

«/. Assoc. Official Agr. Chem., S, 446 (1922). 



304 


AGRICULTURAL ANALYSIS 


two steps. The first, the action of the alkali, i. c., the hydroxyions, will 
result in a hydrolytic cleavage of the protein compounds and ultimately 
produce amino acids and acid amides. Another result of the alkali in the 
reagent employed is the decomposition of a portion of the acid amides 
present, with the liberation of ammonia. The acid amides furnish prac- 
tically all the ammonia liberated directly by the action of the alkali, since 
only a small portion is given off by the other compounds as the result of 
the action of alkali alone. In short, the alkali of the permanganate re- 
agent breaks down the complex organic nitrogenous compounds into sim- 
pler ones, namely amino acids and acid amides, and converts a portion of 
the latter into ammonia. 

The second step in the process (which, of course, goes on simultaneously 
with the first) is the conversion of a fraction of the amino-acid nitrogen 
formed by the alkali into ammonia. The ultimate effect, then, of both 
alkali and permanganate is the production of ammonia, which is used as 
a measure of the value of the material under examination. 

No doubt it is possible with the alkaline permanganate reagent to mea- 
sure the total amounts of acid amide and amino-acid nitrogen obtainable 
from any substance if treatment is continued long enough. All of this 
nitrogen can be used by plants for food purposes, in some cases directly 
and in others indirectly after conversion into ammonia. Any nitrogen 
which can be so converted must be considered as being potentially avail- 
able; its measurement presents no problem. The difficulty lies in the de- 
termination of that portion of this potentially available fraction which 
will be made available during a growing season. 

A second point of fundamental importance in the use of the alkaline 
permanganate method is the fact that the concentration of the reagents, 
especially the alkali, is constantly increasing, until, at the end of the dis- 
tillation, the speed of any reaction not already completed is presumably 
high. Thus any variation in time will produce corresponding variations 
in results. With the tendency on the part of the sample to foam badly, 
however, the digestion and distillation periods may be lengthened beyond 
the time prescribed. Robertson and Winter also studied the quantities 
of ammonia produced in various fractions of the distillate. 

Some Important Detaih of the Methods , — Some important details of 
the methods, to which particular attention has been devoted, include the 
weight of the samples to be taken and the preliminary estimation of the 
water-soluble nitrogen. 
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When the methods were first studied a constant weight of substance 
was used (i gram), but the results were not satisfactory. When a con- 
stant quantity of nitrogen was used, 45 or 50 mg., the results were found 
to be more satisfactory, and 50 mg. is now specified in the method. Oc- 
casionally those unfamiliar with the development of the method attempt 
to go back to the use of a fixed weight of sample. 

The use of a fixed amo nt of iji'.oluble organic nitrogen sometime.^ 
gives rise to difficulty in washing the sam])le. In some cases the pre- 
liminary preparation of the insoluble organic nitrogen requires the washing 
of several times the amount of substance used in the preliminary test, so 
that unless the washing is carefully carried out some of the soluble or- 
ganic nitrogen may be left in the washed material, resulting in lower 
activity than the material really possesses. This condition is helped to 
some extent by the A, O. A, C. requirement of passing the material if it 
contains 0.3 per cent or less water-insoluble organic nitrogen. In case of 
doubt it is best to estimate the insoluble organic nitrogen on the same 
weight of material and under the same conditions specified in the per- 
manganate test, and calculate the results from the quantity of nitrogen 
actually found. This procedure, however, really is in favor of low-grade 
material, since some of the nitrogen not washed out may be inorganic, 
or water-soluble organic material of good quality. 

Study of Details of the Methods , — Several studies of the details of the 
methods have been made by W’hite and Moore’ and by John B. Smith.’ 
Magruder observed that like results for water-insoluble nitrogen are not 
always obtained in collaborative work. The cause of such discrepancy, 
however, did not api)ear from Smith’s* investigation of the more obvious 
points of deviation from the directions. The results for water-insoluble 
nitrogen were in satisfactory agreement despite the following variations 
in technic : Wash water at 20® C. versus 25° C. ; acid added to dry versus 
wet residue in the Kjeldahl flask; and the use of ten different brands of 
filter paper varying in texture, size, or time required for passage of 250 cc. 
of water through the sample. High results were secured by incomplete 
washing when less than 250 cc. of water was used. One brand of filter 
paper contained a significant quantity of nitrogen. The blank is made on 
the filter paper after washing several sheets with water. 

The directions provided for weighing a sample calculated to contain 50 
mg, of water-insoluble nitrogen on a ii cm. filter paper and washing with 
250 cc. of water at room temperature. This procedure was compared with 


^ Loc, cit* 
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one previously advocated by Jones in which it was specified that quan- 
tities of more than 4 grams be weighed into a small beaker and washed 
a few times by decantation before being transferred to the filter for com- 
pletion of the washing. Nitrogen in this residue is not significantly lower 
than that obtained by the first procedure. The second procedure is more 
eflFective for washing a large quantity of material with a relatively small 
quantity of water. 

Nitrogen was determined in the material transferred from the filter 
paper; the greatest deviation from the desired 50 mg. of nitrogen was a 
shortage of 2.1 mg., which for insoluble nitrogen having an activity of 75 
jx?r cent, would result in an error of 4.2 per cent. For extreme accuracy 
the quantity of nitrogen actually transferred to the Kjeldahl flask should 
be ascertained by washing duplicate tx)rtions of samples, transferring 
them to flasks as usual, and detemiining total nitrogen in one and active 
nitrogen in the other. The filter should not be transferred with the residue 
since the nitrogen left in the paper and in the unremoved residue was 
found to be well above i mg. Such nitrogen would not be included in 
the actual determination of active nitrogen. 

Digestion and Distillation in the Alkaline Method . — It was found by 
Smith that approximately 60 per cent of the active nitrogen was distilled 
in the first 15 cc., 20 per cent rather equally distributed over the succeed- 
ing 60 cc., and 20 per cent in the final 20 cc. Five j)er cent of the nitrogen 
distilled was recovered in the last 5 cc. of distillate. The required volume 
of 95 cc. of distillate must be measured accurately and the distilla- 
tion must be stopped promptly at this point. 

The quantity of ammonia left in the condensers and recovered by sub- 
sequent washing of the tubes contains the equivalent of 0.4 per cent of 
active nitrogen in seventeen trials. The method does not provide for the 
inclusion of the nitrogen that remains in the condenser tubes. 

Smith’s preliminary work did not indicate significant differences caused 
by variations in time and temi)erature of the preliminary digestion or from 
the use or omission of 0.2 gram of paraffin, but there was a decided effect 
due to rate and time of distillation. In fifty carefully controlled distilla- 
tions, an average of 18 cc. of distillate was collected in the first 15-minute 
period, 24 cc. in the second, 27 cc. in the third, and 26 cc. in the last. 

The use of a piece of paraffin the size of a pea, weighing 0.2 gram, did 
not affect the results materially, neither did the use of a small drop, 
0.02 gram, of mineral lubricating oil. There were, however, some low 
results which may possibly be ascribed to the reduction of a small quan- 
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tity of permanganate by the paraffin or oil, as discussed by Moore and 
White. Either oil or paraffin is of decided value in preventing frothing 
and makes possible a uniform rate of distillation. This advantage is con- 
sidered sufficient to oflfset the small losses of nitrogen activity noted. 
Preference is given to the lubricating oil because it neither collects on the 
walls of the condenser nor clouds the filtrate as does paraffin. 

Extension of the digestion period to i hour did not significantly affect 
the results, but a reduction of the temperature from iio^ C. to 100° C. 
gave slightly lower activities. A 30-minute digestion j^eriod should be 
sufficient for mixed fertilizers, especially if lubricating oil is used to 
eliminate frothing. 

Consistent differences, caused by variations in both the time and rate 
of distillation, were noted. Lengthening the period to 90 minutes in- 
creased the average nitrogen activity of the six samples by 5 per cent, 
while shortening the period 45 minutes decreased it by an equal amount. 
Either of these modifications was formerly allowable under the official 
directions. 

Smith also found that results could be varied at will by changes in the 
rate of distillation at different periods within the stipulated Tx) minutes. 
Thus, rapid distillation at the start, followed by slow distillation until 
completion of the 95 cc. required at the end of i hour, gave result'^ that 
averaged 6 ])er cent below those found for the reverse of this process. 
The discrepancy is probably due to a longer exposure of the protein ma- 
terial, to a greater concentration of alkali and to a higher degree of heat 
in the fir.st instance. Both these factors would increase the rate of pro- 
tein hydrolysis and aid in a greater production of ammonia. Both the 
rate and time of distillation should be carefully controlled, and this is 
easily possible when some reagent, as oil or paraffin, is used to prevent 
frothing. 

The escajie of any undissolved ammonia from the condenser was pre- 
vented by conducting the distillate below the surface of the liquid in the 
receiving cylinder. When the distillate was allowed to drop from a de- 
livery tube extending i inch within the mouth of the cylinder, an average 
loss for six distillations of 11.7 per cent of the ammonia was noted. Some 
adequate method of trapping undissolved fumes should be used. 

The solution of alkaline permanganate of potash is likely to become 
weaker with age. In 1928 Smith^ found that the weaker and older solu- 
tions are likely to give lower results than the stronger solutions. 


* I. Assoc. O^cial Agr, Chem,^ 18 , 172 ( 19 - 29 ). 
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Peraanganate Methods Merely Distinguish between Good and Poor 
Sources of Nitrogen. — Although the permanganate and pepsin-hydrochloric 
acid methods were originally devised for the purpose of estimating the 
availability of organic nitrogenous materials, and for many years the 
methods were discussed as methods for the determination of the avail- 
ability of organic nitrogen, it has been recognized and emphasized that 
they really only distinguish between good and poor sources of organic 
nitrogen. C. H. Jones emphasized this fact when first presenting the alka- 
line permanganate method ; he considered 50 per cent availability to be the 
dividing line. The alkaline method fails with cottonseed meal, uric 
acid, cotton pomace and Peruvian guano, which are recognized as good 
sources of nitrogen. 

Interpretation of results by the permanganate methods . — The A. O. A. C. 
has adopted the following standards with respect to interpretation of re- 
sults by the permanganate method : 

The alkaline and neutral permanganate methods distinguish between the better 
and the poorer sources of water-insoluble nitrogen, and do not show the percent- 
age availability of the material. The available nitrogen of any product can be 
measured only after carefully conducted vegetation experiments. 

(a) The methods shall be used on mixed fertilizers containing water-insoluble 
nitrogen amounting to 0.3 per cent or more of the weight of the material. In the 
event of the total nitrogen exceeding the minimum guarantee, accompanied by a low 
activity of the insoluble nitrogen, the over-run may be taken into consideration in 
determining the classification of the water-insoluble nitrogen. 

(b) The water-insoluble nitrogen in mixed fertilizers showing an activity 
below 50 per cent by the alkaline method, and also below 80 per cent by the neutral 
method, shall be classed as inferior. This necessitates the use of both methods 
before classifying as inferior. 

This ruling recognizes the fact that either method alone may condemn 
good materials. For example, the alkaline permanganate method alone 
would condemn cottonseed meal. If the material does not pass both 
methods, very probably it is of poor quality. This ruling is, in fact, very 
liberal, perhaps a little too much so, but it is the best that can be done at 
the present time. 

Vegetation experiments to test the availability of nitrogenous com- 
pounds should be made in a soil low in nitrogen, but which gives a good 
response when nitrogenous fertilizers are added. The soil should receive 
sufficient other fertilizing materials to assure that nitrogen is the limiting 
factor. Check pots receiving no nitrogen should be used, and also pots 
with a standard nitrogenous material. Nitrogen in two or more different 
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amounts of the various materials to be tested should be added. The same 
number of seeds should be planted. The crop should receive the same 
care, and be harvested and dried under the same conditions. Nitrogen 
should be estimated in the crops, since the percentage varies. The quan- 
tity of nitrogen in the crop grown without any fertilizer should be de- 
ducted from the quantities secured with the additions, and these should 
be compared with the standard material used. The results will dej)end 
somewhat on soil, season, and kind of crop. 

Comparison with Vegetation Experiinents. — A number of comparisons 
have been made between the permanganate methods for availability and the 
results of vegetation tests. Most of these, however, were made while 
the methods were in process of development. Hartwell and Pember^ com- 
pared the availability of the water-insoluble nitrogen in 147 samples of 
fertilizer as measured by vegetation experiments with oats or millet, with 
the activity as secured by the alkaline permanganate method, and in some 
cases, by the neutral permanganate. In general, the methods did not con- 
demn good materials. 

H. D. Haskins studied a number of materials, using l)oth the un- 
washed material and the substance which had been washed with water to 
remove water-insoluble material. The results are given for the purpose 
of showing the activity of some of the nitrogenous materials. 

Each pot received 38 pounds of a mixture (one part loam soil deficient 
in nitrogen and three parts of sifted sand). The fertilizers were mixed 
with the entire amoun of soil in each pot, the amount of each material 
used being as follows: 14 grams of fine ground limestone, 5 grants each 
of muriate of potash and potash-magnesium sulfate, 2.5 grams of high 
grade sulfate of potash, 18 grams each of 16 per cent superphosphate 
(acid phosphate) and basic slag phosphate. The nitrogen-containing 
materials were applied in unit quantity to supply 0.42 gram of nitrogen. 

The experiment was run in two series to show (i) the availability of 
the total nitrogen and (2) the availability of the water-insoluble nitrogen. 
Necessary checks were run with double the amount of nitrogen from 
dried red blood, the standard nitrogen source, in order to prove that in 
the minimum nitrogen applications the full effect of the nitrogen would 
be secured. Checks were also run by using increased amounts of the 
basic fertilizer application (phosphoric acid and potash). 


V. Assoc. Official Agr. Chem., 7 , SS Ow)* 
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Water was supplied by both subirrigation and surface applications in 
amounts representing 50 per cent of the water-holding capacity of the 
soil mixture until hot weather, when it was increased to 60 per cent. 

Japanese barnyard millet was the crop grown. All pots had 9 or lo 
plants. The plants were analyzed, and the results compared on the basis 
of the nitrogen taken up in excess of that from the pots which received 
no fertilizer. Except for a number of process tankages sold under trade 
names the results are given in the table. It is interesting to note the low 
activity of uric acid by the alkaline permanganate method and its high 
activity by the neutral method. 



FiK. 1.2. — Pot Pyxperiments to Test Availability of Nitrogen Materials (Haskins). 

FOREIGN OFFICIAL METHODS 

Germany 

Verband Laudmnrtschafil'ichcr V ersuchs-Stationcn im Dcuischcn 
Reichc, Berlin, 

(i) Ammonia Nitrogen. — An aqueous solution should customarily be made 
and the ammonia distilled over from an aliquot portion with burnt magnesia, as 
free as possible from carbon dioxide, into titrated acid. 

* Translated by Albert R. Merz. The numbers used in connection with the para>?raphs are 
those given in the original copy. 
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(2) The result should be termed ammonia nitrogen. The terms, water-soluble 
ammonia nitrogen and total ammonia nitrogen, should be avoided. Any one, how- 
ever, is permitted to add : “Determined in the aqueous solution.” 

(3) Nitrate Nitrogen. — The nitrate nitrogen should be determined l)y a 
direct method. In addition to the Kuhn method’ the methods of Ulsch,* Devarda,” 
Lunge,* Schlosing-Grandeau,*’ and Jodlhauer-Foster*' are recommended. 

(4) Organic Nitrogen. — The nitrogen in organic form should ordinarily be 
determined by Kjeldahl’s procedure. It is not suitable for pyridine and quinoline 
derivatives and should not be used in the presence of nitrates and nitrites except 
with certain modifications. 

(5) The Kjeldahl procedure is customarily carried out in the modified form 
of Wilfarth with the addition of mercury. Instead of unmixed concentrated sul- 
furic acid, that to which phosphorus pentoxide has been added (up to 200 grams 
per liter) is also used, or the substance is first heated with concentrated sulfuric 
acid and mercury, according to the proposal of Gunning-Atterberg, and potassium 
sulfate (up to 18 grams for 20 cc. sulfuric acid) added after cessation of the foam- 
ing. It is necessary to subtract from the result the small quantities of ammonia in 
the reagents, ascertained by blank determinations with a nitrogen-free organic sub- 
stance (i gram of salicylic acid is preferred) that chars on heating with sulfuric 
acid. The caustic liquor must be free from nitrates and nitrites. 

(6) Nitrogen in Substances that Contain Ammonia-, Nitrate- and Or- 
ganic Nitrogen. — The ammonia nitrogen can he easil\ determined by distillation 
with magnesia, and its presence does not interfere with the determination of total 
nitrogen. The methods of Grandeau or Lunge or, after the ammonia has been dis- 
tilled off, the reduction methods mentioned under (3), which may also be used 
for the determination of the sum of the ammonia and nitrate nitrogen, are especially 
adapted to the determination of nitrate nitrogen. The total nitrogen should be de- 
termined by the Kjeldahl -Jodlbauer-Fbrster procedure or by the Ulsch-Kjeldahl 
method. 

The separation and determination of the various forms of nitrogen can present 
special difficulties, however, especially when easily decomposable nitrogenous organic 
substances are present. No general directions to overcome these can be given.^ 

Special Directions for the Investigation of the Most Important 
Pertilicer Materials 

AMMONIUM SVLFATB 

(30) Ammonia Nitrogen in Ammonium Sulfate.^-l^issolve 10 grams am- 
monium sulfate in w^ater to i liter. Distil 100 cc. (= i gram) of the solution, 

^ Chcm.-Ztg,, 1899, pp. 196, a.39. 255. 

^ Ibid, 1890, p. 1410. 

^ Methodenbuch des Verbanda dcr landwirtschaftl. Ver.suchs-Stationen in Osterre ch. !.«t ed., 
1913. P- 45. 

* Chem. Ind., 1881, p. 347. 

^ Treadwell, Lehrbueb der Analytischen Cbemie, II Band, 6th ed., p. 382. 

• Chem. Ztg., 1889, p. 228. 

^ On the detei minatiefn of nitrate nitrogen compare Th. Pfeiffer and H. Thurmann, LanauK 
Vers. Sta., 46 , i (1895). 
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after the addition of about 200 cc. of water, with 3 grams of burnt magnesia. Note 
(i) and (2). 

(32) Sodium Nitrate and Calcium Nitrate.— Dissolve 10 grams of the 
sample in water to 500 cc. Treat 25 cc. of the solution (= 0.5 gram of substance) 
according to (3). 

(34) Total Nitrogen in Calcium Cyanamide.— It is difficult to prepare a 
correct average sample for analysis. Immediately after weighing, therefore, the 
sample prepared for analysis in the ordinary way should be ground again quickly 
and very carefully in a mortar. Too small quantities should not be weighed out 
(about 5 grams in best), and the material should be taken from a large number 
of places in the sample, which has been spread out. The total nitrogen should be 
determined by the Kjeldahl procedure. The sample in the flask should be slightly 
moistened with* water before the addition of the concentrated sulfuric acid. Many 
materials apparently cannot endure the sudden strong heating caused by the ad- 
dition of the concentrated acid. It is recommended, therefore, that more dilute 
acid be addc<l first. It is also advisable to heat for some time with only a small 
flame. 

(35) Peruvian Ouano. — Attention is called to Peruvian guano frequently con- 
taining nitrate nitrogen, which should be considered in the determination of total 
nitrogen. One should proceed according to (6). 

(41) Ammonia-, Nitrate-, and Organic Nitrojen in Superphosphate 
Mixtures. — For the determination of ammonia and nitrate nitrogen aliquot parts of 
the aqueous solution used for the determination of water-soluble phosphoric acid, 
in most cases 50 cc., corresponding to i gram of substance, arc used. The deter- 
mination of the organic and of the total nitrogen is made by the Kjeldahl method. 
To be taken into consideration in the nitrogen determination are (i) to (6) and 
the observation (35). 

(54) Nitrogen in Bone Meals, Guanos and other Materials Requiring 
Treatment with Acid for the Phosphoric Acid Determination.— Proceed 
according to (41). 

Kt’rcm Dcutschcr DUnger-Fabrikanten 
Braunschweig, 192$ ’ 

Standaidization of the Acid and Alkali.— The strength of the sulfuric acid 
used for titration is advantageously chosen as half normal with 24.52 grams of 
H2SO4 per liter and that of the sodium hydroxide as fourth normal with 10 grams 
of NaOH per liter. Of the numerous substances proposed for standardization 
those considered the most reliable at present are sodium carbonate, sodium oxalate 
(Sorensen) and ammonium chloride. Congo red, methyl red and p-nitrophenol 
are mostly used today in addition to the older indicators, tincture of cochineal and 
methyl orange. 

Indicator Solutions. — Two-tenths gram of Congo red is dissolved in 100 cc. 
of hot water, then filtered. To each 100 cc. of the solution to be titrated add 0.5 cc. 
of indicator solution. 

Two-tenths gram of methyl red is dissolved in 100 cc. of alcohol. Add 2 drops 
of indicator solution to 100 cc. 


* Translated by Albert R. Merz. 
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C)iic-tcnth gram of p-nitrophenol is dissolved in lOO cc. of water. Use 2 drops 
of indicator solution for Joo cc. 

Standardization with Sodium Carbonate.— Chemically pure sodium bicar- 
bonate is gent)}' ignited in a platinum crucible, according to Lunge’s* directions. 
The gases from the flame are diverted by placing the crucible in a circular opening 
of an asbestos plate, and contamination of the salt by the sulfur compounds of the 
illuminating gas is thereby avoided. The crucible may also be heated in a sand 
bath at 300' . Place about 0.5 gram of the ignited salt, weighed out exactly, with 
200 cc. of water in an Erlenmexer flask; place a small funnel on it, permit 25 cc. 
of the acid to flow in, and heat to boiling. After cooling titrate with the alkali. 
In addition, determine by titration bow much alkali is required to neutralize 25 cc 
of the acid. NaXTL (106000) = Nj (28.016). Therefore r gram of Na^COs - 
0.26430 gram of N. 

Standardization with Sodium Oxalate (Sorensen).— The anhydrous, non- 
hygroscopic salt NaaC^Oj can be obtained from C. A. P'. Kahlbaum of Adlerhof bei 
Berlin in an excellent state of purity. Alxnit 0.5 gram is weighed out accurately 
in a platinum crucible. Place the crucible in the perforated asbestos plate and first 
heat cautiously in the covered crucible in order to avoid spurting, then ignite about 
20 minutes. In order to burn up any separated carbon, ignite a few minutes more 
intensely with the cover partly off. Place the cooled crucible with its contcnt.s, 
together with the cover, in a tall beaker to wdiich 25 cc. of the acid has been added. 
Moisten the contents of the crucible with a little water, place a watch-glass upon 
the beaker, and bring the acid in contact with the salt by means of a rotary move- 
ment. Complete the decomposition by placing on a hot water bath and transfer the 
liquid to an Erlenmeyer flask, carefully washing the glass .and the crucible subse- 
quently. Remo\e the carbon dioxide completely by boiling, let cool, and titrate 
back. 

KajC/)4 (134.0C0) = Ns (28.016). Therefore i gram Na.!C..()4 = 0.20907 
gram of N. 

Standardization with Ammonium Chloride.— About i gram of the chemically 
pure and dry salt is WTighed (Hit exactly and distilled with a small excess of pure 
caustic soda, the receiver containing 40 cc. of the acid. The salt made by the 
Badisclic Anilin-und Soda Fabrik from synthetically produced ammonia is especially 
adapted to the standardization. 2NH4CI (107.000) = Ns (28.016), Therefore I 
gram of NH^Cl = 0.26183 gram of N. 

Any of the above methods of standardization should be carried out at least 3 
times and, in case of sufficient agreement, the average should be taken. 

A. NITRATE NITROGEN 

a. Ulsch Method.^ — Twenty grams of the nitrate, or a quantity of mixed fer- 
tilizer containing aliout 20 grams of nitrate, are dissolved in i liter of water ; 20 cc., 
corresponding to 0.4 gram of the sample, are placed in a distillation flask and 5 
grams of iron (reduced by hydrogen) and 10 cc. of dilute sulfuric acid, sp. gr., 1.35 
(obtained by mixing 2 volumes of water with i volume of concentrated sulfuric 

^ Taschenbuch fur die Sodainrtustrie. Technisch-Chemi.sche Untersuchutigsmethodcn. 

^ Chem, Zt(j., 1890, p. 1410. 
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acid) arc added. The reaction .starts at once. Careful warming is carried out later 
and finally more strongly to boiling. The reduction takes about 30 minutes. Losses 
by spurting liquid arc to be avoided by setting a scaled spherical glass bulb on the 
flask. The walls of the glass vessel are now washed, about 150 cc. of water and 
25 cc. of caustic soda, sp. gr. 1.30, are added, and the ammonia is distilled into the 
acid in the receiver. The quantities of nitrogen contained in the reagents are as- 
certained by blank determinations and considered. Reduced iron contains at times 
up to 0.3 per cent nitrogen. Furthermore it must be free from iron sulfide, as other- 
wise a violent evolution of hydrogen sulfide takes place and causes losses of nitrogen. 

Small quantities of nitrite nitrogen are also determined, but loss of nitrogen 
takes place with larger quantities. This loss can be avoided, however, by the modifica- 
tion of Mach.^ In this the solution under examination is previou.sly allowed to run into 
boiling permanganate .solution to oxidize the nitrite before beginning the reduction 
by the Ulsch procedure. 

b. Amd Method.^ 

REAGENTS 

Cof^pcr-magnesxum alloy . — It should contain about 60 per cent copper and 40 
per cent magnesium. Slight deviations in the relative proportions of the two metals 
do not matter. The alloy is furnished by the Aluminum- und Magnesiumfabrik 
A.-G. at Hemelingcn bei Bremen. It should be obtained in compact form and com- 
minuted until it pas.ses through a i mm. sieve. Owing to its inclination (even 
though slight) to oxidize, the powder should be kept in tightly closed containers 
and frequently j)repared fresh from the dry, larger pieces that are also kept in 
this way. The alloy should be tested for freedom from nitrogen by blank deter- 
minations. 

Magnesium chloride solufuni . — Dissolve 200 grams of crystallized magnesium 
chloride in water to I liter. To remove the small quantities of ammonia almost 
always present, boil the solution, after the addition of about 3 grams of burnt mag- 
nesia and several pieces of pumice, to about one-third its volume, strongly dilute 
with water, and evaporate again. Then bring again to the original volume and filter. 

METHOD OK PROCEDURE 

Dilute the neutral, or at most very slightly acid, solution of the nitrate, or 
nitrite, in a distillation flask to about 300 cc. and add 5 grams of powdered alloy and 
10 cc. of magnesium chloride .solution. Connect at once with the di.stillation appa- 
ratus, which has already been provided with the standard acid, and heat immediately 
with the full flame. The distillation must be continued until the ammonia has with 
certainty been driven off; an hour of boiling suflices in mo.st cases. 

The distillation apparatus must afford assured protection against the carrying 
over of droplets of the liquid into the receiver, even with a violent evolution of 
hydrogen. The small amounts of nitrogen due to the reagents should be determined 
by blank determinations and subtracted. Besides, it is advisable to carry out a 
further full control experiment with chemical^' pure ammonium chloride. 


‘ u. Angew. Chem., 1922, p. 473. 
*Ibid., IQT7, p. 169 and 1920, p. 296. 
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Limits of Applicability. — The sum of the nitrate and nitrite nitrogen must 
not exceed lOO mg. Nitrogen already present as ammonium salt is also included in 
this determination without any loss, even if its quantity is somewhat larger than 
100 mg. Admixtures of KCI, NaCl, CaCh, MgCls and CaS04 up to 3 grams each 
are not harmful, but considerable quantities of easily soluble sulfates are. There 
must not be more than 300 mg. of SO4 in the solution. Larger quantities up to 1.3 
grams, however, do not prove harmful if the quantity of the magnesium chloride 
solution is increased to 50 cc. Small quantities of free acid do no harm, and larger 
quantities can be neutralized by the addition of burnt magnesia, an excess of which 
does no harm. Sodium or potassium hydroxides hamper the reducing power of the 
alloy when present even in small quantity. The preceding directions with 10 cc. 
of magnesium chloride solution are, therefore, to be used for all known nitrate* 
and ammonium nitrate-salts when using a solution containing 0.5 gram of the ma- 
terial. With nitratc-contain’ng mixed fertilizers it is advantageous to use a quan- 
tity of .solution corresponding to i gram of material. In exceptional cases (presence 
of much sulfate and much free acid) the addition of the larger quantity of 50 cc. 
magnesium chloride solution and of burnt magnesia may also be necessary. In 
Ix^th cases special care must be given to the distillation equipment : a spraying over 
of liquid and the formation of a dead space in the neck of the flask must positively 
be avoided. 

Nitrite. — To determine the nitrite alone the aqueous solution of the material is 
allowed to flow, according to Lunge’s procedure, from a buret into a measured perman- 
ganate solution of known strength, which has been acidified with sulfuric acid, 
diluted with water to 400 cc., and heated to 40®. 

2 KMn04 = 5 nitrite nitrogen. In salts containing much nitrite nitrogen the 
nitrite nitrogen may be determined also by the methyl alcohol method of Fischer 
and Steinbach' or by the modification given by Mach and Sindlinger.* 

c. Indirect- nitrate determination in Chile saltpeter. — Since the indirect or 
difference method is still standard for imports, it is given here. The importers de 
termine insoluble, water, sodium chloride and sodium sulfate and calculate the re- 
mainder as nitrate ; the importers at Hamburg are an exception as they also consider 
the perchlorate, report it as potassium perchlorate and figure it in up to 0.75 per 
cent. Any excess is deducted. The analytical procedure is as follows : 

1. Insoluble. — Ten grams of the sample, ground and sieved as quickly as pos- 
sible, are dissolved in 100 cc. of water, allowed to settle, filtered through a tared 
filter, and washed with warm water. The filter is dried and reweighed. 

2. Water. — Ten grams of the sample, prepared as just stated, are dried in a 
porcelain crucible 2 hours at 130- 140'’. 

3. Sodium Chloride. — Twenty grams of the sample are dissolved in a 250 cc. 
flask, filled to the mark and filtered; 50 cc. of the filtrate (=4 grams saltpeter) are 
titrated as usual by the Volhard or Mohr method. 

4. Sulfates. — Fifty cubic centimeters of the filtrate of Solution 3 (= 4 grams 
saltpeter) are slightly acidified with hydrochloric acid and precipitated hot with hot 
barium chloride solution. The BaS 04 obtained is treated in the usual way and cal- 
culated to NaxS04. 

’ Z. anal. Chem., 68, 393 (1913)* 

^ Z. angew. Chem,, 1924, p. 473. 
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5. Potassium perchlorate . — Twenty grams of the sample are soaked with about 
6 cc. of a cold saturated soda solution in an iron or nickel dish of about 200 cc. 
capacity, about i gram of chlorine-free manganese dioxide is added and the contents 
of the dish are dried at a gentle heat ; the contents of the dish are then brought to 
fusion over a strong Bunsen burner and the dish is heated for 15 minutes so slrc-ngly 
that it shows a dark, yet clearly visible, red heat ; the dish is kept covered. After 
completed fusion, allow to cool, take up with hot water, bring the solution into a 
250 cc. flask, fill to the mark after cooling, filter, and pipet off 50 cc. of the filtrate 
(= 4 grams saltpeter) into a beaker. Add 10 cc of nitric acid (1.2 sp. gr. ) and 
while rotating, drop in permanganate (40 grams per liter) to oxidize the nitrite that 
has been formed until the red color persists for a minute. After completed 
oxidation add 5 cc. of a cold saturated iron ammonium alum solution and titrate 
by the Volhard method. The differciiCe between the number of cubic centimeter^ 
of o.i X silver solution used here and in determination 3, multiplied by 0.01386 X 25, 
gives the percentage of KClOi.’ 

For sales of saltpeter on the West Coast (of America) the Valparaiso analysis 
is standard. It determines sodium chloride (chloruro de .sodio), sulfates (sulfatos). 
insoluble (materia insoluble), and moisture (humedad). 

The difference to 100 is assumed to be nitrate (salitre). Perchlorate is not de- 
termined. 


D. AM3IOX1A NJTKOGKN 

In Ammonium Salts. — For the determination of ammonia in ammonium 
salts dis.sohc 20 grams of the weil-mixcd sample in a liter flask, shake frcqucntl), 
and pipet 50 cc. {= i gram of material) from the solution, which need not be fil- 
tered, into a nitrogen flask of about yco cc. capacity, add about 200 cc. of w^ater and 
distil with a small excess of sodium hydroxide solution (about 5 cc.’ of 30 per cent) 
A 500 cc. Erlenmeyer flask, containing a sufficient quantity of standard sulfuric acid 
(40 cc. 0.5 A" ) is best adapted as a receiver. The flame is so regulated that the dis- 
tillation is finished in about 45 rrinutes. Bumping can be lessened by the addition 
of a small knife point full of zinc filings. This should not be used in the presence 
of nitrogen compounds that give ammonia as a result of reduction. Small pieces 
of pumice stone, anthracite or other porous materials are then a. suitable substitute. 

2. In Ammonium Superphosphates. — ^a. Older Conventional Method . — Make 
use of the aqueous solution containing 20 grams in i liter which has been used for 
the determination of the water-soluble phosphoric acid and proceed as described 
under i. Use the same indicator for titration of the acid in the receiver as has been 
used in the standardization of the acid and the alkali. Since in the case of certain 
ammonium superphosphates the shaking with water does not permit the finding of 
all the ammonia, either of the two following methods may be designated as 
standard.* 

b. Direct method — Pour water over 5 grams of the ammonium superphosphate 
in a distillation flask and distil with a small excess of caustic soda. Use a 500 cc. 

’ In Rotterdam the saltpeter is also handled according to the difference method customary in 
Hamburg; in Antwerp and Diinkirchem, however, on the basis of a 15.5 per cent nitrogen content. 

* According to the decision of the 4Sth General Meeting of the Verband Landwirtschaftlicher 
Versuchs-Stationen im Deutschen Reiche. 
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volumetric flask containing standard acid as a receiver. After conclusion of the 
distillation bring to normal temperature, .fill to the mark, mix, and titrate loo cc. 
(=1 gram material). 

c. Hydrochloric acid method. — Allow lo grams of ammonium superphosphate 
to stand in a Slohmann 500 cc, volumetric flask with 25 cc .of nitrogen- free 5 per 
cent hydrochloric acid for at least 3 hours, shaking occasionally. Fill to the mark 
and shake for a short time in a rotary shaking machine to mix uniformly. Use 50 
cc., correspemding to i gram of material, for the ammonia distillation. Filtration 
is unnecessary. The hydrochloric acid requires an additional use of only about 
*4 cc. of 30 per cent caustic soda. 

C. NITROGKN IN ORGANIC MATKRIAI.S 

Combustion with soda lime was used formerly for the determination of nitro- 
gen in the form of organic compounds. The Kjeldahl method is now generally 
used instead t)f this method. It has in the course of time undergtme many modifi- 
cations .so that almost every laboratory uses its own modification. The Kjeldahl 
method depends on the conversion of nitrogen compounds into ammonia by heating 
with concentrated sulfuric acid in the presence of oxidizing materials. Place i gram 
of the material in a 600 cc. Jena nitrogen flask, add a drop of mercury (i gram), 
and 15 cc. of concentrated sulfuric acid (i.J^4 sp. gr.). By adding pho.sphorns pen- 
toxide (up to 200 grams per liter of sulfuric acid) the time of digestion is decidedly 
shortened. Heat at first with a small, and later with a larger flame, until the liquid 
has become colorless. After cooling add 250 cc. of water, cool, add quickly Po cc. 
of caustic soda (1.30 sp. gr.) and, for precipitation of the mercury, 25 cc. of ati 
aqueous solution of potassium sulfide (40 grams of Kalium snlfuratum per liter) 
and some zinc filings to prevent bumping. Join the flask and its contents as quickly 
as possible witlr the distillation apparatus and distil off the ammonia. About 30 
minutes is required as a rule. 

The Gunning- Atterhcry modification of the Kjeldahl procedure is also recom- 
mended. — It follows: Heat i to 2 grams, until dissolved, with 20 cc. of nitrogen-free 
concentrated sulfuric acid with the addition of about i gram of mercury. This 
requires about 15 minutes. Then add about 20 grams of nitrogen-free potassium 
sulfate and boil again. After initial disappearance of the color continue the heat- 
ing for 15 minutes more. In the case of .substances that do not froth the potas- 
sium sulfate may be added immediately at the start. Distil the dissolved mass with 
caustic soda as described above. In some laboratories larger quantities of material 
and correspondingly larger quantities of reagents are used. 

In many cases the Kjeldahl digestion may be hastened by the addition of hy- 
drogen peroxide." 


D. CALCirM CYANAMIOK 

In analyzing calcium cyanamide the preparation of an actual average sample 
for weighing is of primary importance. Every sample should be quickly ground 
and then spread out flat. For the weighing take portions from as many places as 
possible. The sample weighed should not be too small, about 5 grams is best. 

* Z. anyew. Chem., 1921, p. 627 and Landw. Vers^-Sta., 09 , 150 (1922). 
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Determine the nitrogen hy the Kjcldahl method. Moisten the sample in the 
flask slightly with water before adding the sulfuric acid. 

Many materials do not seem to bear the sudden strong heating when the con- 
centrated sulfuric acid is added. It is, recommended therefore, that some dilute 
acid be added first. It is also advisable to warm for a considerable time with only 
a small flame. 


K. TOTAL ]VlTROGK\ 

Organically combined nitrcjgen and any ammonia nitrogen present are deter- 
mined by the Kjeldjihl mcthrid. The presence of nitrate nitrogen requires one of 
the following modifications of the procedure. 

a. JodlbaiK'r method . — Place i gram of the substance in a Kjeldahl flask with 
25 cc. of phenolsulfuric acid (20 grams phenol in i liter of 1.84 sp. gr. sulfuric acid), 
shaking the flask slightly. Carefully cool the flask, cautiously and gradually add 
with constant cooling 2-3 grams of nitrogen-free pow'dcred zinc and i gram of 
mercury, and digest by the Kjeldahl procedure until colorless. All the nitrogen 
compounds are converted into ammonia after 30-45 minutes of boiling. Cool, add 
water cautiously, cool again, and supersaturate with caustic soda to distil off the 
ammonia. The above described Gunning-Atterberg method of digestion with po- 
tassium sulfate can also be combined with this method. 

b. Horsier method . — Add 20 cc. of phenolsulfuric acid (200 grams of phos- 
phoric anhydride and 40 grams of phenol per liter of sulfuric acid) to i gram of 
the mixed fertilizer in a digestion flask and dissolve with shaking. Then add 1-2 
grams of dry sodium thiosulfate, 10 cc. of concentrated sulfuric acid, and i gram 
of mercury and boil until colorless. After the addition of water, caustic soda and 
potassium sulfide distil off the ammonia. 

The total nitrogen in mixed fertilizers can also be ascertained by the Ulsch- 
Kjeldahl or Arnd-Kjeldahl procedures by first reducing the nitrite and nitrate and 
then digesting according to Kjeldahl. 


France^ 

(t) Organic Nitrogen by Means of Soda Lime in a High-grade Fer- 
tilizer Containing no Nitrate. — The organic nitrogen in fertilizers is converted 
to ammonia w’hen the material is heated with soda lime. This reaction is the basis 
of the method of analysis here given. Nitrates do not permit of its use. ‘ 

In a hard glass tube, well dried and closed at one end and 35-40 cm. long, place 
first, for a distance of 2 cm., calcium oxalate, then, for a distance of 5 cm., soda 
lime in small fragments, and introduce a mixture, made in a mortar, of 50 eg. of 
the material to be analyzed and coarsely powdered soda lime. (The mixture should 
not occupy more than 12-15 cm. in the tube.) Clean the mortar and the copper 
scoop used for introducing the material with small quantities of soda lime, then 
finish filling the tube up to 3 cm. of the extremity with soda lime in small pieces. 
Plug with sufficient asbestos to prevent any entrainment of the soda lime by the 

^ Methode d’Analyse des Eiig^iais. Minrst^re de FAgriculture. Pari.s, 1897. Translated by 
Albert R. Merz. 
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disenga^jement of gases; wipe the interior edge of the tube carefully with paper 
and stopper with a cork ; wrap around the tube a strip of metal foil, leaving the 
two extremities of the tube exposed for a distance of 4 cm,; fasten the foil with 
twisted copper wire; and replace the cork stopper with a rubber stopper containing 
a gas tube bent at a right angle and elongated. Place the tube in a gas or charcoal 
combustion furnace, then insert the elongated end of the delivery tube into a test 
tube containing 10 cc. of normal acid colored with a definite quantity of litmus. 
Plunge the elongated part to the bottom of the test tube. (A Will and Warrentrapp 
bulbed tube may be used, but its use is not considered convenient.) 

Commence to heat the open extremity of the tube ; when this part is red pro- 
ceed progressively toward the part containing the material, lighting the burners or 
bringing the charcoal closer so as to obtain a disengagement of bubbles that is regu- 
lar and not too rapid. Continue this procedtire until all the material has been de- 
composed, heating so that the tube reaches and keeps a dark red temperature but docs 
not exceed it. Finally, when the evolution of gas has almost cea.sed, rai.se the 
temperature of the tube to a bright red and commence to heat gradually the part 
containing the calcium oxalate intended to furnish the hydrogen to remove the last 
traces of ammonia. When the evolution of gas has entirely ceased, by means of a 
wash bottle direct a jet of cold water on the anterior part of the tube while hold- 
ing the deliver}' tube and test tube. After the hard glass tube breaks, remove the 
stopper and wash the delivery tube inside and out, receiving the wash water in the 
test tube. Next, transfer all the liquid to a flask and proceed to titrate by means 
of a potassium hydroxide solution, as would be the case in determining ammonia. 
Standardize the same against 10 cc. of normal acid and calculate as explained under 
the determination of ammonia. 

When the fertilizer contains ammonium salts, part of the ammonia will be lib- 
erated when the mixture is made in the mortar. In this case, it is necessary to 
proceed very rapidly and to have the soda lime entirely pulverized previously. For 
the sake of safety the material can be triturated with some crystals of oxalic acid 
before it is mixed with the soda lime. 

It would appear to be preferable to determine previously all the ammonia that 
would form by displacing it with magnesia and then working upon the residue for 
the determination of the organic nitrogen by means of soda lime; the determina- 
tion, however, would be lengthened considerably. The precautions that have been 
indicated in order to avoid the loss of ammonia arc sufficient. 

Often the .sample is not dry, and it is necessary previously to bring it to dry- 
ness, but if this desiccation is made without special precautions free or carbonated 
ammonia will be lost by volatilization; this would be the case with farm manure, 
liquid manure, etc. This inconvenience is avoided by adding to the material enough 
powdered oxalic acid to give a distinctly acid reaction to the mass; the ammonia 
is thus fixed as oxalate. Account is taken, in weighing the material used for the 
analysis, of the weight of oxalic acid. 

PREPARATION OF THE SODA LIME 

Place 600 grams of powdered slaked lime in a stoneware dish and pour over 
it a solution of 260 grams of caustic soda in 250 cc. of water. Make a paste, in- 
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troduce into a stoneware crucible, and heat to redness; remove the hot material from 
the crucible and crush it up rapidly in a copper mortar so as to have the pieces 
about the size of a pea and not excessively mixed with powder. Place this ma- 
terial while still hot in a well-stoppered bottle. 

PREPARATION OE THE CALCIUM OXALATE 

Place 100 p:rams of oxalic acid in a small copptT pan and add sufficient boiling 
water to dissolve it; then add, in small portions, powdered slaked lime, stirring 
constantly until litmus paper shows that the lime has been added in excess; evaiio- 
rate at first over an open flame*, while stirring vigorously, and then complete the 
desiccation on a sand bath. Place the dried material in a wcll-sioppered flask. 

( 2 ) Organic Nitrogen in Fertilizers Poor in Nitrogen and Containing 

No Nitrate. — fhe determination by means of soda lime is carried out easily on fer- 
tilizers containing no nitrates. Take a gram of material and proceed as in the 
preceding chapter with the one exception — substitute for the nf^rnial titrated acid 
o.i N titrated acid and make use of lime water to neutralize the acid. (It may 
happen that the fertilizer is richer in nitrogen than was thought and, conse(|uently, 
the 10 cc. of O.I iV acid would be comiiletely neutralized, which would cause a loss 
of ammonia. In this case, as soon as the litmus turns blue, it is necessary to add 
10 cc. more of o.i N acid and fini.sh the operation as before. Account is taken in 
the calculation of the lo cc. of added acid. 

(3) Nitrogen in Materials That Are Lacking in Homogeneity and Are 
Difficult to Grind (Method of Grandeau).-“It may happen that the nitrogenous 
fertilizer is in particles difficult to subdivide and different in nature ; .such is the ease 
with cloth, leather, wool w'asles, and so forth. It is then impossible to obtain a 
homogeneous mixture from which to take a quantity of material for analysis. In 
this case proceed as follows : 

Treat 50 grams of the material to be analyzed in a porcelain dish with a quan- 
tity of concentrated .sulfuric acid sufficient to impregnate the whole mass; heat on 
the sand bath, stirring frequently, until disintegration is complete. Then add, in 
small portions, finely powdered chalk until a solid mass has been obtained, grind 
in a mortar, and mix with care. (The acid is not completely neutralized with the 
chalk, so that no loss of ammonia takes place during the manipulation.) Take the 
weight of the pow'der thus obtained and weigh out one-tenth of it for the analysis ; 
material corresponding to 1 gram of fertilizer is thus used. Treat this part wdth 
soda lime as if it were a question of an ordinary analysis ; then, according to the 
supposed richness of the fertilizer, u.se normal or o.i N sulfuric acid. (This method 
is not applicable where nitrates are present.) 

In cases where the determination is made by the Kjcldahl method, do not neu- 
tralize the acid, but take a definite fraction, as for example, one-fiftieth of the 
boiled acid obtained, corresponding to i gram of material. 

(4) Nitrogen in Its Three Forms in a Mixed Fertilizer. —In practice, in 

the same fertilizer it is frequently necessary to determine nitrogen in the nitrate, 
ammonia, and organically combined forms. The determination of total nitrogen 
could only be made by means of a method that would measure the volume of the 
nitrogen. The ordinary procedure by means of soda lime would only give erroneous 
results. 
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It is often necessary to determine these different forms of nitrogen separately, 
especially when their commercial value is not the same; in order to fix the price 
of a fertilizer, it is necessary to know the proportion of each form : 

Deienmnatwn of nitric nitrogen . — Take 66 grams of the material and tri- 
turate in a mortar with a little water; extract with water, decanting the liquor into 
a liter volumetric flask and washing the residue many times, or until the volume 
has been brought to a liter and all the nitrate is in solution. Determine it as ex- 
plained in the paragraph treating of the analysis of nitrates. 

B. Determination of ammonia . — Introduce i gram into a Schloesing distilla- 
tion apparatus; add 200 cc. of water and i gram of calcined magnesia; and distil, 
receiving in titrated sulfuric acid. If the fertilizer is rich in ammonia, use normal 
acid; if it is poor, use o.i N acid. 

C Defennination of organic nitrogen.— Orp.2inic nitrogen is generally found 
in fertilizers in a soluble and an insoluble state. This nitrogen is determined undei 
one form only but in making this determination soluble organic nitrogen would be 
lost if one proceeded to wash with water to eliminate the nitrates completely. It 
is proper to proceed as follows: 

Place 2 grams of the fertilizer in a flat-bottomed dish, 9 cm. in diameter; add 
10 cc. of ferrous chloride solution and 100 cc. of hydrochloric acid ; cover the dish 
with a funnel in order to prevent spattering, bring quickly to a boil, and maintain 
until the nitrous vapors are completely eliminated. Then evaporate to dryness on 
a sand bath, .stopping when the acid vapors cease to be evolved. (It is important 
not to prolong the heating action uselessly in order not to volatilize the ammonium 
salts.) Then add to the dish 4 grams of ground chalk, mix the mass so as to 
obtain a powder that can be easily removed, and carefully transfer it from the dish 
to a soda lime tube. Since the material is voluminous use a tube 40-45 cm. long 
and work very rapidly in order to avoid any loss of ammonia by volatilization. 
Carry out the operation as in an ordinary determination. In this treatment the am- 
monia has hot been eliminated, and therefore the nitrogen found represents the sum 
of the organic nitrogen and the ammoniacal nitrogen. As the latter has been de- 
termined sei>arately, subtract it from the figure found in this analysis and thus 
obtain the nitrogen that exists in the organic form. 

(5) Nitrogen by the Kjeldahl Method. — This method is recommended for 
its rapidity and the ease with which a large number of determinations can be 
carried out. The principle involves the transformation of organic nitrogen into 
ammoniacal nitrogen by means of sulfuric acid with the addition of either dehy- 
drated copper sulfate or red oxide of mercury, or more often, of metallic mercury, 
added initially. The liquid is then distilled with caustic soda solution free from 
any trace of carbonates and determination of the ammonia is made in the usual 
manner by means of standard sulfuric acid. This method is not applicable to cases 
where there are appreciable quantities of nitrates. 

The treatment with the acid is carried out as follows: 

In a 200-250 cc. flask, introduce 5 dg. or i gram of the sample and add about 
I gram of metallic mercury or 2 or 3 grams of dry, powdered copper sulfate. Pour 
upon the whole 20 cc. of pure mono-hydrated sulfuric acid. Heat it first gently, 
then more strongly and continue the boiling until the liquid has become entirely 
clear. (It is not necessary that the acid become completely free from color, but it 
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should be perfectly clear; 30-45 minutes of boiling generally is sufficient for com- 
plete transformation of the nitrogen into ammonia.) The liquid having become 
entirely clear, let it cool ; cautiously add a little water, then a larger amount until 
ICO cc. has been added. Shake in order to dissolve completely the mercury salt that 
has settled on the bottom and transfer to a distillation flask, washing several times. 
The distillation flask has a content of nearly i liter. Add caustic soda solution in 
excess of the sulfuric acid. The final liquid is about 200-250 cc. It is desirable to 
add in addition 3 or 4 cc. of a saturated solution of sodium sulfide to precipitate 
the mercury and to prevent the formation of a difficultly decomposable compound 
of mercury and ammonia. 

Owing to the evolution of hydrogen it is desirable to add a little granulated 
zinc to make the boiling more tranquil. Distil, and collect the ammonia that is 
evolved in standard sulfuric acid. To avoid the spattering and entrainment of the 
soda in the distilled liquid make use of a Schloesing apparatus, which can advan- 
tageously be given the form adopted by Aubin. 

When the product to be analyzed contains nitrates, remove these by heating 
with ferrous chloride and hydrochloric acid and evaporating to dnmess. This can 
be done in the flask in which the sulfuric acid digestion is made. A correction 
should be made for the traces of ammonia that may be contained in the sulfuric 
acid; it is made once for all for the same acid by a blank determination; it is 
ordinarily very small. It is nece.ssary that the sulfuric acid be free from nitric 
compounds; a prolonged boiling completely eliminates the latter. It is also neces- 
sary that the caustic soda solution be free from nitrates, and the absence of these 
must be verified. 

In the digestion 20 grams of powdered potassium sulfate may be substituted for 
the mercury or copper sulfate. The use of sodium sulfide is thus avoided, but the 
digestion is less rapid. 

(6) Determination of Ammonia in Sulfate of Ammonia with the 
Schloesing Apparatus. — The determination of ammonia is always carried out by 
displacing this base with a fixed base and distilling, and the ammonia is collected 
in a standard acid ; the extent to which this is neutralized measures the proportion 
of volatile alkali. 

Weigh out 25 grams of the sulfate, dissolve in water, and bring the volume to 
I liter. Take 20 cc. of this solution, corresponding to 5 dg. of sulfate, by means 
of a calibrated pipet; introduce into the long-necked flask of the apparatus, and 
add 150 cc. of water and 2 grams of slaked lime or an equivalent solution of soda 
or potash. The flask is joined by means of a short rubber tube with a glass worm 
condenser. The condenser is provided with an elongated bulbed tube, the end of 
which dips 1-3 mm. or more into 10 cc. of normal sulfuric acid, contained in a 
small flask. The apparatus being thus arranged and the water circulating in the 
condenser, heat the flask to boiling. The ammonia escapes at once and combines 
with the normal sulfuric acid; it may happen that in consequence of a too rapid 
absorption of the ammonia the acid liquid will rise in the tube, but this will cause 
no inconvenience because the bulb is sufficiently large to contain it. Continue to 
heat so as to distil off slowly a quantity of water sufficient to remove the last traces 
of ammonia ; when the quantity of distilled water has reached 60-80 cc., detach the 
bulb tube from the apparatus and then extinguish the flame; wash the interior of 
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the bulb tube and its exterior end with small quantities of water, collecting in the 
flask. Then titrate with an alkaline solution, 

Prcparafioti of the standard sulfuric acid — Place pure distilled sulfuric acid 
in a platinum dish; bring to a boil and maintain this heat for 30 minutes; and then 
let the dish cool under a eround bell jar in order to avoid the absorption of any 
trace of moisture. (The dish should be placed on an iron tripod to avoid breaking 
the glass plate on which the bell jar stands.) The acid having been cooled, pour 
about 50 cc. of it rapidly into a glass-stoppered flask which has been weighed on a 
precision balance ; stopper immediatel> ; take its weight ; and pour the acid into a 
graduated flask, washing to remove all the acid that has been weighed. Dilute the 
volume so that 61.25 grams of the .sulfuric acid is contained in exactly i liter. This 
solution is called normal acid. The liquid thus obtained is carefully mixed and pre- 
.scr\ ed in a glass-stoppered flask. Since the glass often has an alkaline reaction and 
since part of the acid will be neutralized by this alkalinity of the glass, flasks in 
which concentrated sulfuric acid has stood a long time should be cho.sen. This 
method for the preparation of the standard acid is not the only one that can be 
used, but it appears to be convenient. 

Preparation of o.i aetd . — Pour 100. of the normal sulfuric acid into a 

liter volumetric flask and bring the volume to i liter with distilled water that has 
been previously boiled. 

Preparation of the potassium hydroxide solution.— DhsoWe 100 grams of po- 
tassium hydroxide in 3.6 liters of water and add 50 grams of slaked lime. After 
solution and several hours’ contact, filter into a well-stoppcred bottle. 

Preparation of the lime water . — Place 200-3CO grams of slaked lime in a 5 liter, 
stoppered bottle; fill wdth water; shake; and, after settling, pour off the water that 
has diss(jlved the salts which the lime might contain. Add water again, shaking 
from time to time. Filter this lime water into a bottle for use, avoiding access of 
air as much as possible. Close with a stopper provided with two tubes drawn out 
at the end and bent at right angles; the one serves for pouring out the lime water 
and the other for the entrance of air. These two tubes are themselves slopped 
with small rubber tubes provided with glass valves. 

Preparation of the magnesia . — Triturate in a mortar commercial block mag- 
nesium carbonate; make a homogeneous paste of it by adding successive small 
quantities of water; introduce this liquid paste into a bottle of distilled water; and 
decant the supernatant liquid from time to time, replacing it anew with distilled 
water and shaking frequently. (This operation removes the alkalies that are gen- 
erally admixed and might act upon the nitrogenous organic matter.) Transfer to 
a funnel plugged with a w’ad of cotton; let drain; dry in the oven; place in a 
stoneware crucible; and calcine for an hour at a faint red heat. The product thus 
obtained is preserved in well-stoppered liottles. It is well to calcine the quantity 
necessary for the determination just prior to its use in order to expel traces of am- 
monia that the magnesia may have absorbed. 

Test for sulfocyanides in sulfate of ammonia . — It sometimes happens that sul- 
fate of ammonia, especially that coming from the manufacture of illuminating gas, 
contains ammonium sulfocyanide, a substance that is exceedingly poisonous to plants 
as well as to animals. Since use of this product may have a disastrous effect upon 
crops, substances containing it must be rejected. It is sufficient to make a qualita- 
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tive test for the presence of this compound. All sulfate of ammonia in which its 
presence is confirmed should he considered unsuitable for agricultural use. Make 
the determination as follows: Dissolve a small quantity of the sulfate of ammonia 
in water; add several drops of a dilute solution of ferric chloride which immedi- 
ately gives a beautiful characteristic red color. 

(7) Ammonia in Mixed Fertilizers. — Mixed fertilizers generally contain, 
besides ammonium salts, nitrogenous organic matter ; if lime were used to expel the 
volatile alkali, as for sulfate of ammonia, there would be danger of converting part 
of the organic nitrogen into ammonia and the determination would therefore be 
inaccurate. To prevent this action, replace the lime by magnesia, which has only 
an extremely feeble action upon nitrogenous organic matter. The procedure is the 
same as for sulfate of ammonia; i gram of the fertilizer is used with about i gram 
of calcined magnesia. If the fertilizer is rich in ammonium salts, use normal sul- 
furic acid and titrate with potassium hydroxide. If, on the contrary, the fertilizer 
is low grade, replace the normal sulfuric acid by 0.1 N sulfuric acid and titrate with 
lime water. 

The method of distilling the material directly with water and magnesia some- 
times encounters difficulties, especially when large quantities of material containing 
very little ammonia are used. Such is the case with farm yard manure, for ex- 
ample. In applying the flame directly under the flask there is danger of super- 
heating the material that collects on the bottom and thus producing ammonia from 
the nitrogenous organic matter. This can be avoided completely by using a calcium 
chloride bath into which the flask is dipped. The bath is heated so as to cause 
boiling of the liquid in the flask. 

It is preferable in many cases to extract the ammonia by washing and to distil 
the liquid thus obtained after it has been made alkaline with magnesia, instead of 
distilling the material itself. 

When there is little organic matter in the substance to be analyzed, the ex- 
traction can be made with water, but otherwise, particularly in the case of the brown 
material of manures, a part of the ammonia will be retained in insoluble combina- 
tions; it is then necessary to use water slightly acidulated with hydrochloric acid to 
destroy the combination of this material with ammonia and bring the ammonia into 
solution. In the latter case it is necessary to saturate the acid with an excess of 
magnesia before proceeding to distil. 

The precaution of treating previously with an acid is indispensable when mag- 
nesium ammonium phosphate exists in the material. This compound is only diffi- 
cultly decomposed by magnesia when it exists in a solid state, but when it has been 
previously dissolved in an acid it gives up its ammonia easily under the influence 
of magnesia. 

When acid is used, a considerable quantity of material, for example 50 grams, 
may be employed; in this case decant the liquid into a i liter calibrated flask, wash- 
ing the residue several times until a volume of i liter is reached. Mix this liquid, 
take a definite fraction, either 20 cc., corresponding to i gram of material, or more 
if the quantity of ammonia is small. 

The standard acid in which the ammonia is to be determined ought never to be 
in contact with the air for a long period of time because this might increase the 
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proportion of this alkali. Much more, the proximity of ammoniacal vapors ought 
to he avoided during the manipulations. 

It sometimes happens that during the operations the water that distils entrains 
carbonic acid, which remains dis.solved in the distilled liquid. The titration is then 
uncertain, and it is necessary, before titrating, to remove this carbonic acid. This 
is done by heating to boiling for some minutes the liquid in the flask and by taking 
care to avoid all spattering. The determination is then carried on as before. 

Nitric Acid in Nitrates. — The procedure, called by difference, which is 
still used in commercial transactions, should be proscribed because it does not oflfer 
sufticient guarantees of exactness. The only method that ought to be employed is 
based upon the transformation of all the nitric acid into nitrogen dioxide, which is 
collected in the gaseous state and measured by volume; it is applicable not only 
to commercial nitrates, but also to fertilizers to which nitrates have been added. 

The volume of dioxide that is formed is compared w'ith that given by the same 
quantity of perfectly pure nitrate ; the ratio of the two volumes gives the actual 
proportion of nitrate contained in the product under examination. But in order that 
this comparison may lead to exact results it is necessary to make all the conditions 
of operation, and, consequently, the relative errors, as nearly equal as possible. 
This is done by contriving to obtain closely similar volumes of nitrogen dioxide 
in two cases. With this end in view, first make the test with the material to be 
analyzed ; the volume of nitrogen dioxide having been read, employ a quantity of 
standardized, pure nitrate liquor so as to give a nearly equal volume. 

Preparation of the ferrous Chloride Solution. — Dissolve, while boiling, 200 
grams of tacks or iron filings in a flask with hydrochloric acid, dilute w’ith an equal 
volume of water, addtd gradually until completely dissolved, and bring the volume 
of the liquid to i liter 

Analysis of sodium nitrate — Prepare a standard solution, containing 66 grams 
of pure, dry sodium nitrate per liter; also take 66 grams of the nitrate to be ana- 
lyzed, dissolve, and bring to a volume of i liter. This quantity has appeared con- 
venient because it allows for a volume of gas approximately 100 cc. The appa- 
ratus in which the operation is carried out is a 150 cc. flask provided with a two- 
hole rubber stopper carrying a capillary tube 20 cm. long, w’hich extends several 
centimeters from the bottom of the flask so that the bottom of the tube is always 
above the liquid. The other end of the tube is connected by heavy rubber tubing 
to a small funnel. 

There should be a distance of 25 cm. between the end of the tube and the stem 
of the funnel; a clamp is placed on the rubber tubing. The other opening of the 
stopi>er carries a gas tube, bent at right angles and connected by rubber tubing 
to another bent tube. The part of this second tube that dips into the water ought 
to be 20-30 cm. long in order to condense the water vapor; it dips into a small 
trough filled with water. If a series of determinations is to be made, it is well to 
let water flow constantly into this trough so as to displace, to some extent, the 
water that has become hot and charged with hydrochloric acid and to maintain a 
constant level. Into the flask first pour 40 cc. of ferrous chloride solution; stopper 
and, by means of the funnel, add 40 cc. of hydrochloric acid, pinching the rubber 
tube at the moment when a little hydrochloric acid still remains in the funnel. This 
operation is for the purpose of avoiding imprisonment of air in the capillary tube 
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or the stem of the funnel. (This air would be entrained in the apparatus and would 
affect the volume of the nitrogen dioxide.) The apparatus being thus arranged, 
place a ring gas burner under the flask and heat to cause regular boiling; \he air 
is expelled and bubbles through the tube. When all the air has been expelled by 
boiling 5-6 minutes and only water vapor, which condenses on contact with the cold 
water, is evolved, place over the bent end of the tube a 100 cc. graduated boll glass 
completely filled with water; then pour into the funnel by means of a calibrated 
pipet 5 cc. of the nitrate solution to be tested and, slightly opening the clamp, let 
this liquid flow slowly into the fla.sk so as not to slop the boiling. Close the clamp 
before the liquid has reached the stem of the funnel, then w'ash with several cubic 
centimeters of hydrochloric acid which is poured, by means of an elongated tube, 
upon the whole upper periphery of the funnel. This liquid is introduced, in its turn, 
with the same precautions ; renew the w^ashing three times, taking constant care to 
avoid entrance of any air. (The constant boiling in the flask liberates nitrogen di- 
oxide, which collects under the bell glass.) Prolong the boiling until the volume 
of gas no longer increases; thtn, without stopping the boiling, withdraw the bell 
glass and by sinking it more or less bring the level of the water in it to the level 
of the water in the trough. (Care must be taken to hold the bell glass with tongs 
and not with the hand.) After waiting some minutes to let the gas assume the 
temperature of the surroundings, read the volume (V) occupied bv the gas in the 
bell glass. Fill the bell glass anew with water and place it over the end of the 
tube, maintaining the vacuum in the flask by continued boiling. Introduce by means 
of the funnel 5 cc. of the standard .solution of pure nitrate and proceed in exactly 
the same manner, taking the same precautions as in the preceding operation. Co’- 
Icct the nitrogen dioxide again and read its volume as has just been indicated. 


Let F’ be the second volume obtained, then the ratio 


F' 


X 100 vvi 


I give the actual 


quantity of nitrate contained in ico parts of the material tested. 

Five or six consecutive determinations can be made without renewing the liquid 
in the flask and without di.sconlinuing the boiling ; under these conditiims the de- 
terminations are made very rapidly, but it is necessary to take precautions to main- 
tain the liquid in the flask constantly at a volume approximately equal to the original 
volume, liquids that are introduced replacing those which disappear as a result of 
the boiling. If the concentration becomes very strong it is necessary to add enough 
hydrochloric acid to bring it back to the desired volume. 

Analysis of potassium nitrate , — For the analysis of a nitrate of potash proceed 
exactly in the same manner, but prepare the solutions by dissolving 80 grams of puie 
nitrate as well as of the nitrate to be tested in a volume of 1 liter. This figure is 
calculated likewise to give a volume of gas approximating ico cc. 

Sodium nitrate in a mixed fertiliser. — i. Fertiliser rich in nitrate , — Take 66 
grams of fertilizer, grind in a glass mortar, and treat in the same manner wdth 
water ; pour the liquid into a liter flask and wash the fertilizer several times. Bring 
all the decanted liquids together in the calibrated flask ; bring the volume to 1 liter ; 
and work with this clear solution (filtered if necessary), containing the nitrate, as 
if with a nitrate of soda, but instead of introducing only 5 cc. of the liquid into 
the flask take several times 5 cc., according to the grade of the fertilizer, so as not 
to have a volume of nitrogen dioxide much smaller than 100 cc. Let n be the 
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number of pipets of 5 cc. used ; let F* be the volume of the gas obtained with 5 cc, 
of the standard solution of pure sodium nitrate and V the volume of the gas ob- 
tained with the material, then the quantity of nitrate contained in 100 parts of the 
y 

fertilizer will be — X 100. 

«F^ 

2. Fertilizer poor in nitrate , — Take 66 grams of the fertilizer, grind in a 
mortar, mix with water, allow to stand for several minutes, and decant the super- 
natant liquid into a i liter calibrated flask; wash the residue remaining in the mortar 
several times; and continue transferring the supernatant liquid to the calibrated 
flask until the volume has reached i liter. 

Mix this liquid and add slaked lime in small portions until the liquid turns red 
litmus paper blue. Take 500 cc., evaporate in a porcelain dish, and bring the vol- 
ume exactly to 50 cc. Then proceed with this liquid as for the fertilizer rich in 
nitrate. The calculation is made in the same manner, but it is necessary to divide 
the result obtained by 10. The addition of lime prevents the nitric acid being dis- 
placed by free sulfuric or phosphoric acids when a superphosphate is present. 

When a fertilizer is exceedingly poor in nitrate, that is to say when it con- 
tains scarcely i per cent, the analyst can stop at a smaller volume instead of con- 
tinuing to add the solution to the flask until approximately 100 cc. of nitrogen di- 
oxide has been obtained. The calculation is made in the same way. To calculate 
to nitric nitrogen multiply the sodium nitrate by 0.1647. 

Remark . — It sometimes happens that the fertilizer contains soluble carbonates. 
In this case the carbonic acid, which is evolved at the same time as the nitrogen 
dioxide, increases the volume of this gas and consequently leads to too high results. 
The presence of these soluble carbonates can be ascertained by mixing 10 grams 
of fertilizer with 20 or 30 cc. of water, transferring to a filter, and pouring a little 
hydrochloric acid into several cubic centimeters of the filtered liquid; if bubbles 
of gas are evolved, the presence of soluble carbonates is indicated. In this case, 
instead of triturating in the mortar with pure water, use water containing 3 or 4 
per cent of hydrochloric acid. When all effervescence has ceased and the liquid re- 
mains acid, continue the washing with more water until the volume reaches i liter 
and continue the procedure as indicated above; but when it is necessary to subject 
the liquid to evaporation, it is not possible to work with an acid liquid for nitric 
acid would be lost, in which case, having brought the neutral or alkaline liquid to 
a very small volume, decompose the carbonates by the addition of acetic acid; only 
after this has been added bring the volume to 50 cc. and continue the determina- 
tion as above. The carbon dioxide, having been eliminated, can no longer cause 
erroneous results. 

Some fertilizer materials, such as guanos, may contain oxalic acid. Partial de- 
composition of this acid may produce carbonic acid and carbon monoxide which 
would go with the nitrogen dioxide and thus render the determination inaccurate. 
It is easy to obviate this cause of error by adding to the material, before solution, a 
little lime, which keeps the oxalic acid insoluble as calcium oxalate. The clear 
liquids in which the nitrates are determined are thus completely free from 
oxalic acid. 
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POTASH 

By B. B. Ross,* LL.D., Professor of Chemisiry, Alabagna Polytechnic 

Institute, Auburn, Ala., and State Chemist of Alabama, and Colin 
W. Whittaker, Ph.D., Associate Chemist, Bureau of Chemistry 
and Soils, U. S. Department of Agriculture, Washington, D. C. 

The element i>c)tassiuni occurs in most rocks, in j)ractically all natural 
waters, in saline deposits, in plants and in animal organisms. Because 
it is so widely distributed, it follows that potassium occurs in many fab- 
ricated products and in the waste material of many industries. It has 
been estimated that the average potassium oxide content of the earth’s 
crust is 3.2 per cent and that the surface of the earth to a depth of one 
meter contains 3.9 X 10’^ metric tons.^ Potassium is seventh in the 
list of elements that make up the ten-mile crust of the earth, and eighth in 
a list of those that make up the hydrosphere, while the average potassium 
content of known terrestrial matter, including the atmosphere, is 2.40 per 
cent. The percentage for sodium, 2.63, is only slightly higher.- 

Potassium salts removed from the mines at Stassfurt in the course of 
rock salt production were originally discarded as worthless; it was not 
until about 1858, when Francke and Liebig demonstrated the importance 
of potassium to agriculture and to various other industries that any im- 
portance was attached to the potash content of these deposits. 

Use of the Term “Potash.” — The term “potash,” which is a contraction 
of the words pot and ash, originally referred to the ash or residue left in 
the pot when the lixivium of wood ashes was evaporated. This crude 
potash was chiefly potassium carbonate, and the term potash is still some- 
times used when potassium carbonate is meant. 

The German term Kali is analogous to potash, and has a similar history. 
The plants burned by the Arabians for the production of crude alkali 
were known as herba kali, kali being the Arabian word for ashes. 

Because potassium compounds are used principally in the production of 
fertilizer and the elements in combination with the potassium are gener- 
ally of no importance for this purpose, the practice of selling such fer- 

* It is with the greatest regret that we announce the death of Dr B. B. Ross on April 4th, 
1930, after a long illness. — Editor. 

* M. Camille Matignon, Revue Set., S 7 , 225-30 (1919)- 

* T. W. Garke, Data of Geochemistry, 5th ed , 19241 p. 36. 
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tilizer salts on the basis of their equivalent in i>otassium oxide (KoO) was 
begun. In this way the word potash has now come to mean K2O, and 
in analyzing for potassium it is customary to report in terms of K^O 
rather than in terms of potassium itself. When reference is made to 
the KoO content, however, the expressions “potash content'’ or “actual 
potash" are generally used. 

Prices on crude potassium salts, c. g., kainite, muriate, etc., are quoted 
as so much per “unit.” Since the unit is 20 pounds of potassium oxide, 
or one per cent of a ton, it is very simple to figure the cost per ton. Thus, 
if a crude potassium salt that analyzes 30 per cent potash (K.^O) is 
quoted at 60 cents a unit the price per ton of crude salt is 18 dollars. 

Since all potassium compounds may be regarded as sources of potash, 
that is KgO, the term potash has frequently been applied, |)erhaps loosely, 
to any of the crude commercial salts of potassium, and the industry con- 
cerned in their production and sale is known as the potash industry. In 
this chapter the term has been used freely in this broader sense as well as 
in the more restricted sense as meaning specifically KgO. 

A third meaning occurs frequently in trade literature where ])otash is 
often .synonymous with potassium, c. g., muriate of potash for potassium 
chloride, caustic potash for potassium hydroxide, and so on. 


WORLD SUPPLIES OF POTASH 

The chief commercial sources of potash may be classified as follows : 
(i) Soluble potash minerals; (2) insoluble potash minerals; (3) vege- 
table or organic sources; and (4) industrial wastes of both inorganic and 
organic nature. 

The first group includes subterranean deposits, such as those of Stass- 
furt, and surface deposits like the potassium nitrate deposits of India. 
Potash brines, such as the brine of Searles Lake, are included. Feldspar 
and leucite are examples of the second group. The third group includes 
such sources as Caucasian sunflower, w'ood ashes, etc. Cement dust, wool 
scourings and distillery waste are examples of the fourth group. 

Obviously the groups overlap at times, as in the case of blast furnace 
potash where the source is an insoluble potash -bearing mineral used in 
the manufacture of pig iron, but where the potash is recovered from 
otherwise waste material. 
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SOLUBLE POTASH MINERALS 

Soluble potash minerals, which have long been the principal source of 
potash, occur in subterranean deposits and in those on or near the sur- 
face. They are usually mined with ease, and their potash content is some- 
times high enough to permit marketing of the crude mineral without pro- 
cessing; if processing is required it involves little expense compared to 
the insoluble potash minerals. Tn surface deposits the potash is sometimes 
contained principally in a brine that fills the interstices of a bed of other 
salts. Natural brine lakes, such as Great Salt Lake, where all the salts 
present are in solution, are included in this group. 

8111ITKRRANEAN DEPOSITS 

Important subterranean dej>osits occur in ( Germany, France, Spain, 
Russia, Poland, the United States, and other countries. Each of these will 
be considered according to its importance and the available information. 

Germany (Stassfurt).--The salt or brine sj)rings near Stassfurt fur- 
nished the natives of the surrounding country wdth salt in the thirteenth 
century and earlier. Agricola in his “De ortu et causis subterrancorum’" 
(Basil, 1546) expressed the opinion that these springs must have their 
origin in subterranean salt deposits, but no attempt to reach the salt was 
made until three centuries later, Karsten^ in 1838, thought that rich saline 
beds would he reached by drilling in the neighborhood of the springs. A 
boring was started in 1839 in a search for rock salt. The saline bed was 
reached in 1843, about 768 feet, but to the great disappointment of the 
drillers the salt was found to be a mixture of magnesium and potassium 
compounds. The presence of rock salt was demonstrated by later borings 
and a shaft was sunk in 1851 to mine this salt. The overburden of potash 
and magnesium salts, called abraumsalze (abraum, refuse; salze, salts), 
was rejected as worthless, but this waste did not continue long because 
about this time the importance of potash as a plant food was emphasized 
by Liebig and interest in potash as a fertilizer was aroused to such an 
extent that these salts became of prime importance. A. Francke erected 
the first plant for the extraction of potassium chloride in 1861 ; three more 
factories entered the field in 1862, and the four plants refined 20,000 
tons of crude salts in that year. The industry developed rapidly. 


* Lehrbuch dcr Salinenkunde, Berlin, 1846-7. 
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These deposits have been systematically explored. They extend to the 
“States of Thuringia on the south, with Hanover on the west, and Meck- 
lenburg on the north, and underlie an area of more than lOO square miles. 
It has been estimated that the Stassfurt deposits occupy a volume of 
10,790,000.000 cubic meters, containing 20,000,000,000 metric tons of 
potash salts, a quantity, at the ])resent rate of consumption, sufficient to 
supply the world for 2,000 years.“^ 

Origin of the Stassfurt salts . — The Stassfurt beds are considered to be 
of marine origin, with contributions from fresh water streams that emptied 
into an ancient sea that is supposed- to have extended from the Ural 
Mountains to the Scandinavian Mountains and Ireland. The climate was 
torrid and evaporation rapid. This sea dried up in Germany, and it was 
here that its burden of salts was deix>sited. The order in which salts are 
deposited when sea water is evaix)rated corresponds roughly to the geo- 
logical succession observed at Stassfurt. The deposition of these salts 
has been exhaustively studied and forms the basis of many important 
papers.^ 

The Stassfurt strata . — The order of deposits at Stassfurt is roughly as 
follows, going from the surface down 

1. Drift, about 8 meters thick. 

2. Shales, sandstones and unconsolidated clays, varying thickness. 

3. Younger rock salt, thickness very variable, sometimes missing. 

4. Anhydrite, rarely lacking, 30-80 meters thick. 

5. Salt clay, average thickness 5-10 meters, very rarely absent. 

6. The carnallite zone from 15-40 meters thick. At Douglashall a 
layer of rock salt intervenes between the carnallite and the clay. In parts 
of the field kainite overlies the carnallite, is itself overlain by sylvinite 
or hartsalz and that in turn by schoenite. These subzones are often miss- 
ing. 

7. The kieserite zone. 

8. The polyhalite zone. 

9. Older rocks salt and anhydrite. Nos. 7. 8 and 9 have a total thick- 
ness ranging from 150 to perhaps 1000 meters. The anhydrite forms 
layers, averaging 7 mm. thick, separating the salt into sheets of 8 or 9 cm. 


^ H. M. Hoar, Potash, Trade Promotion Series No. 33 , Bur. Foreign and Domestic Com- 
merce. 

* Walther, Centr. Mineral GeoL, 31 1, <1902). 

* See papers by Van't Hoff and hts coworkers, al.so see the monograph by E. Jenecke, Die Ett- 
stehung der deutschen Kahsalzlager, and ed., Braunschweig, Vieweg & Sohn, 1925. 

* F. W. Clarke, loc. at., p. 223. 
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These layers have been interpreted as annual deposits, due possibly to 
seasonal variations in temperature or to alternating drought and rain. 
If this supposition is correct a Stassfurt salt bed 900 meters thick would 
require 10,000 years to form. 

10. Anhydrite and gypsum. 

Composition of the deposits . — More than 30 saline minerals are found 
in the Stassfurt deposits. Some of these are primary minerals, and others 
are derived from the primary minerals by secondary reactions ; a few are 
simple salts, but the majority are double compounds. A partial list fol- 
lows. 


Important Minerals op the Stassfurt Deposits. 


Halite (or rock salt) 

Sylvine (or sylvite) 

Douglasite 

Bischofite 

Tachhydrite 

CamalHte 

Thenardite 

Glauberite 

Kieserite 

Leonitc (or potassium astrakanite) 
Astrakanite (or bloedite) 

Schonite (or picromerite) 

Epsomite (or reichardtite) 

Kainite 

Polyhalite 

Langbeinite 

Krugitc 

Vanthoffite 

Lowite 

Anhydrite (or karstenile) 

Gypsum 

Glaserite (or aphthitalite) 

Boracite (or stassfurtite) 
Sulphoborite 

Pinnoite 

Ascharite 

Heintzite 

Hydroboracite 


NaCI 

KCI 

2KCl.Fea.2H2O 
MgCh.bH^O 
2MgCl8 . CaClj . 12H2O 
MgCl8.KCl.6H2O 

Na8S04 

CaS04.Na8S04 

MgS04.H80 

MgSO 4 .K 8 SO 4 . 4 H 2 O 

MgS04 . Na3S04 . 4H2O 

MgSO 4 .K 2 SO 4 . 6 H 2 O 

MgS04.7H20 

MgSO4.KCl.3H2O 

MgS04 . K2SO4 . 2 CaS 04 . 2 H ,0 

2MgS04.K2S04 

MgS04 . K3SO4 . 40aSO4 . 2H2O 

MgS04.3Na2S04 

MgS04.Na*S04.2^H20 

CaS04 

CaS04.2H20 

3K2S04.Na2S04 (variable) 
2MgsB80i6 . MgCb 
Mg6H40i2(S04)2.7H20, or 
2MgS04 . 4MgHBO, . 7H2O 
MgB204.3H20 

MgHBO* or 3Mg2B205.2H20 
Mg4K2B23028. I4H2O 

MgCaB«On .6H3O 


The theoretical comiX)sition of the important potash minerals is given 
in Table L 

The fertilizer materials (Kalidungemittel) produced or mined at Stass- 
furt, may be divided into raw salts (Rohsalze), of which there are gen- 
erally four, and processed salts, which include manure salts of various 
grades, muriate of potash, and sulfate of potash. This classification, with 
analyses of the materials, is shown in Table II. 
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TABI.K I. -Thkorkticai, Composition op 1 *otash Minkrai,s. 



K' 1 


KjjSO, 

MrSO, ] 

> rn...''04 CftS04 

Ho n 

KoO 

Carnallite 

26.83 

34-17 




38.91 

16 9 

Glascritc 



71.04 


28 (j6 


384 

(Variable) 








Kainite 

2 Q.y 4 



4«35 


21.71 

i 8 q 

Krnj’ite 



1991 

« 3-75 

62.22 

4.12 

10.8 

Langbeinite 



41.90 

58.01 



42 7 

Lconite 



47.5.^ 

3-’-83 


10.65 

257 

Poly halite 



28.90 

10.97 

45.16 

5.97 

15.6 

Schonite 



43.^7 

29.8(J 


26.84 

23.4 

Sylvite 

1000 






^>3.2 

Syngenite 



5306 


41.45 

5-40 

28.7 


Kainite, sylvinite and carnallite are the names of si>ecific minerals, but 
in the trade they take on a somewhat different meaning*.’ Each is used 
to designate a raw salt, of which the most important constituent is the min- 
eral whose name it hears. Thus kainite refers to a naturally occurring 
mixture of the mineral kainite (MgSO, . KCl .3H./)) with rock salt 
(NaCl) ; sylvinite refers to a mixture of sylvite (KCl) and rock salt; 
carnallite refers to a nat^nrallv occurring mixture of carnallite (MgCla*- 
KCI.6IL()), kieserite (MgS()4.H20). and rock salt (NaCl) with un- 
imiiortant amounts of clay, anhydrite, horacite and other minerals. 

The term hartsalz is aj^plied usually to a mixture containing sylvite, 
kieserite and rock salt as important constituents. Hartsalz that contains 
langbeinite (2MgS04 .K2SO4), kainite and carnallite also occurs. 

Processing of ihe Raiv Salts, — From a quarter to one-half of the weight 
of the raw salts carnallite, kainite, hartsalz and sylvinite consists of sodium 
chloride, which is not valuable as a fertilizer and is in many cases harm- 
ful, since some plants are sensitive to chlorine. In some cases, therefore, 
it becomes necessary to treat the raw salts to eliminate sodium chloride 
and other impurities, e. g., magnesium sulfate, as well as to reduce shipping 
costs. This processing of the raw salts also gives opportunity for the pro- 
duction of by-products that would otherwise be lost. Since the method 
of processing differs somewhat with the location and the market utilized 
the following descrii)tion will serve merely as a general outline. 

Any of the raw salts, carnallite, hartsalz or sylvinite may be subjected 
to a simple process of solution and crystallization, which will yield, ac- 
cording to the conditions, a muriate of 65-95 potassium chloride. 

Although the contaminating sodium chloride may be so completely re- 
moved by washing with water as to give a pure muriate containing at least 
98 i)er cent potassium chloride, as a rule the working conditions are so 
chosen that the product has the desired composition after simple drying 

^ Sec also definitions adopted by the A. O. A. C.. /. Asso(. OMciai Agr. Cheni., 12 , 
(1939). 
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of the crystallized salts. The other salts in the raw potash salts are only 
slightly dissolved and are seldom present in the finished product in con- 
centrations sufficiently high to be troublesome. The mother liquor from 
the solution of the sylvinite and hartsalz is saturated with potassium 
chloride, sodium chloride, magnesium chloride and magnesium sulfate and 
can be reused for the treatment of a fresh batch of raw salts. 

The treatment of crude carnallite is more complicated. The crude ore 
is heated with the mother liquor from a preceding extraction. This liquor 
contains magnesium chloride chiefly, and at its boiling point it readily 
dissolves the potassium chloride of the carnallite while most of the sodium 
chloride and magnesium sulfate associated with the crude carnallite re- 
mains undissolved. The hot liquid is allowed to cool slowly and potassium 
chloride of 64-69 per cent purity crystallizes out. The impurities are 
chiefly sodium chloride (about 20 per cent), magnesium chloride and 
bromide. This crude muriate can be washed with water to yield a purer 
product if desired. The mother liquor from the potassium chloride is 
evaporated and cooled. It yields pure artificial carnallite, which is treated 
like the crude carnallite, but it gives almost pure potassium chloride on 
the first crystallization. The mother liquor from the artificial carnallite 
precipitation may be returned to the process, but it is often used for the 
preparation of magnesium chloride, bromine and other substances. 

Potassium sulfate is manufactured from kieserite (MgS04.H20) and 
potassium chloride. The kieserite is dissolved in water, and potassium 
chloride is added, which causes the precipitation of potassium magnesium 
sulfate (K2SO4.MgSO4.6H2O) as a crystalline precipitate. If this salt is 
then further treated with potassium chloride and water, potassium sul- 
fate is precipitated. A purity of 90-98 per cent is readily obtained. 

Manure salts are essentially a mixture of sodium and potassium chlo- 
rides. They contain from 20 to 40 per cent KgO. 

France (Alsace). — Potassium salts were found at Dornachs, 21 miles 
northwest of Mulhouse, as early as 1869, but the deposits now being 
worked were discovered by Vogt and Grisez in 1904 while drilling for 
coal in the forest of Nonnenbriick. Following this discovery a company 
was formed to explore the region by drilling. The borings made (ap- 
proximately 165) showed the presence of a large deposit of potassium 
salts, chiefly sylvite, underlying an area of about 68 sq. miles. These de- 
posits, described by Hoar as the most important thus far located in Alsace, 
lie in the south of the province in the plain bounded on the south by the 
Jura, on the west by the Vosges and on the east by the Rhine. They con- 
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sist of two strata, the more important occurring at a depth of 650-1000 
meters. The average thickness is 4 meters and the lied extends over an 
area of 200 sq. km. The upper stratum lies 15-20 meters above the second 
and has a potassium chloride content of about 35 per cent; the second 
stratum is of lower potash content, but it is much more extensive. It is 
estimated that these beds contain over 300,000,000 metric tons of pure 
potash. The average potash content of the German crude salts is al)out 12 
per cent, while those of Alsace average about 22 per cent, a figure that 
greatly favors the latter deposits. The analyses of crude and manufac- 
tured Alsatian potash salts, reported by Hoar, are given in Table III. 

TABLPI III. — Anai.yses of Alsatian Crude and Manufactured Potash Sai.ts. 
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KCl 

NaCl 

K2SO4 

Mf?S04 

CaS04 
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Kainile 

15 

22-24 

62-65 

— 

0.15 

2.5 

T-I 5 

10.2 

(sylvinite) 
Manure salts 

20-22 

32-34 

53-55 


0.16 

2.1 

1-34 

9.4 

do 

30-32 

49-50 

38-39 
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O.IO 

1.5 

I. CO 

7.2 

Muriate of potash 

50 

81.3 

9-7 
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0.80 


I 80 

6.4 

do 

52 

85.8 

7.6 

— 

0.70 

— 

1 90 

4.0 

do 

56.2 

Ql.I 

4*5 

— 

0.60 

— 

1.80 

2.0 

do 

59.6-60 

97.3 

2.0 

— 

0 20 

— 

0.30 

0.2 

Sulfate of potash 

50.6 

— 

1.35 

‘) 3 - 6 s 

0.80 

0.9 

2.10 

1.2 


Spain. — Spain possesses large subterranean deposits of potash-bearing 
salts at Cardona and at Suria in the Province of Barcelona. The reserves 
at Suria are estimated at 20,000,000 tons of pure KgO.^ At Cardona the 
deposits must be worked in the axis of a steep anticline, and the continuity 
of the beds is often broken by faulting. Similar difficulties exist at Suria.^ 
These obstacles, however, have not prevented the development of these 
salts as shown by the production for 1927, which was 35,000 tons KgO, 
Bussia. — Salt wells have been exploited in the region about Solikamsk 
since the reign of Ivan the Terrible, in the sixteenth century. In 1922, 
Prof. A. Chernov advanced the hypothesis that deposits of rock salt at a 
considerable depth caused the brine in the wells. Prospecting for potash 
by boring was started, but little progress was made until 1925. An im- 
mense deix)sit was discovered about Solikamsk on the left bank of the 
Upper Kama, at the base of the eastern slope of the Urals, north of Perm, 
and it was roughly delimited by borings. Faulting is uncommon, and 


‘ H. S. Gale, Ung, Min, J,t IQB, 758*63 (1919)* 
* A Holmes, CeoL Mag,, 6, 254 (1919)* 
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there seems to be good reason to believe that the region is underlain with 
a vast bed of salts containing 1500-1700 million tons of KgC). At Soli- 
kamsk workable deposits start at a depth of 95 meters and extend to 200 
meters. The beds consist of the following deposits : ( i ) rock salt at a 

depth of 80-90 meters; (2) sylvine, 8-20 meters thickness; (3) carnallite, 
60-70 meters through; (4) sylvine, 30 meters thick; and (5) impure rock 
salt, the extent of which is still unknown. 

These reserves ap[)ear to be nearly as large as any in the world, but no 
production has been re])orted to date. Considerable activity is re])orted 
in the Solikamsk' region and production will probably occur shortly. 

Poland. — The Kalusz dei)osits of Galicia (Poland)- appear to underlie 
an area 76 km. long and 3-4 km. wide. Incomplete exploration indicates 
a total KoO content of 10-12 million tons.*' The potash occurs ])rincipally 
as kainite, sylvite and carnallite. Production was small under Austrian 
control, but it is mounting rapidly under the new regime (2,344 tons of 
crude salts in 1913, compared to 275,456 tons in 1927). 

United States. — In America attention is being given to the possibility 
of finding deposits of potash similar in nature to those in Alsace and 
Stassfurt, which have long supplied the world. Knowledge of a tremen- 
dous salt deposit resulting from the evaporation of an old sea in the south- 
central part of the United States gave stimulus to this search. This de- 
posit underlies approximately 70,000 square miles in Texas and New 
Mexico and is reported to contain 50,000 billion tons of salt in those two 
states alone.* 

The U. S. Bureau of Mines and the Geological Survey are exi)loring 
this region and attempting to locate workable potash beds. Fortunately, 
the region contains many oil wells, and much information has been ob- 
tained from oil well borings, although they are not often suitable for such 
exploration. The churn drills so mix the materials from adjacent strata 
or from strata separated by several feet that an analysis can indicate little 
more than the presence or absence of potash. 

Owing to this difficulty funds were appropriated for drilling several 
wells with core drills, a type that yields a true cross section of the strata 
with a minimum of mutilation or mixing. This work is now under way, 
but only a small part of the area has been prospected in this manner. The 
deposits that have been found are not of great thickness nor are they 

* D. M. Mushketov, Been. Rev. Soviet Union, 11 , No. 23, 2*4 (1^27). 

2 W. Kolski, Z. landw. Versuchsw., 17 , 892 (1914). 

* J. W. Turrentine, Mineral Ind., 38 , 528 (1920). 

* H. M. Hoots, U. S. Geol. Survey Bull , 780 B. 
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rich in potash, but they are definitely of commercial value and of sufficient 
importance to lend further impetus to the search. In the light of present 
knowledge no useful estimates of the K^C) reserves in this region can be 
made. 

Netherlands. — Potash dej)osits occur at Winterswijk and near Wessel 
in the Province of Overys.sel. No estimate of these reserves is available 
at present. 

India. — India possesses deposits of potash associated with the halite of 
the Salt Range. The potash seams are fairly numerous and run from Yz 
to 2 meters thick, with a K^O content of 6.8-14.4 ])er cent. Reserves are 
probably not large. 

Canada. — Potash has been reported in the Malagash rock salt deposit in 
Nova Scotia and in Gautreau, New Brunswick. Both deposits are be- 
lieved to be too small for commercial purposes. 

surface: deposits 

Surface deposits of soluble potash minerals are extremely varied in 
character. They range from brines of low potash content to beds of 
nearly f)ure potassium nitrate. These are considered in two groups, for- 
eign and domestic deposits. 


Foreign Deposits 

Surface or near surface saline residues occur in many foreign lands. 
Many of these would be important as reserves if war or other conditions 
should cut oflf sui^plies from the principal potash producing countries. 
Domestic production also is receiving encouragement in many lands, and 
these deposits take on importance for that reason. These foreign and 
domestic sources will be described in some detail. 

Abyssinia. — The Piano del Sale of Abyssinia is the exposed, basin-like 
surface of a large saline deposit. Its salt beds are due to evaporation of 
an arm of the Red Sea that was permanently or intermittently cut off 
by the volcanic hills of the coa^st from the main body of water. Sylvite 
occurs at the surface over an area of 200,000 sq. yds. and varies from 
2 to 5 feet in depth. The average potassium chloride content of this part 
of the deposit is 80 per cent. Surrounding the sylvite and extending over 
ten times the area and to a depth of 150 feet, is a deposit of carnallite with 
an average potassium chloride content of 15-25 per cent. The production 
of potassium chloride from these deposits is reported by Holmes to have 
been 50,000 tons in 1918. 
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Hoar has recently described this deposit, which lies mostly in a de- 
pression 200 feet below sea level, as follows: ‘‘At the surface is found 
potassium chloride of 90 per cent purity, the quantity of this salt being 
estimated at 140,000 metric tons. The lower layers carry from 40 to 80 
per cent of the chloride and have been estimated at 1,860.000 tons of 95 
per cent potassium chloride.” The mining of this deposit is exceptionally 
easy, but transportation costs are very high. 

Tripoli. — Two saline lakes in Trij>oli near Bu Kammasch are reported 
to contain potassium salts in workable quantities. The larger of these, 
Lake Briga, lies partly in Tunis. It has been estimated to contain 250,000 
metric tons of magnesium salts. The other, Lake Numa, is much smaller 
than Lake Briga.^ 

Tunis. — A salt lake, south of Gabes, in Tunis is a source of both bromine 
and potash. A product known as sebkainite, reported by Holmes as con- 
taining about 34 per cent pota.sh is obtained by solar evaporation of the 
brine. Production in 1919 was reported to be 1000 tons of potassium 
chloride monthly. The lake has an area of about 15,000 hectares. 

Chile. — The dry saline lakes. Pintados and Bella Vista, in the province 
of Tarapaca, Chile, contain deix>sits of potassium chloride in some cases 
as rich as 36 per cent. The reserve is estimated at 2.000,000 tons and is 
3-12 per cent chloride.^ The potassium nitrate of caliche is mentioned 
elsewhere. 

Brazil. — Saltpeter deposits have been reported from several localities 
in the valley of the Sao Francisco River. These deposits occur in lime- 
stone caverns or with other salts in lieds of former lakes. 

Deposits of potassium nitrate, 24 miles from Morro do Chapeo, in the 
Province of Bahia are said to be of great extent; the crude salt is 75 
per cent potassium nitrate and is easily brought to 99 per cent purity by 
crystallization, according to Hoar. 

South Africa. — Small scattering surface deposits of saltpeter (potas- 
sium nitrate) occur in the mountains in various parts of South Africa. 
These deposits have been ascribed to the habit of the “dassies” or rock 
rabbits of depositing their dung in particular localities. The dung is rich 
in nitrogen and it is conceivable that when the deposit is made on rocks 
containing a base, lime or potash, nitrates will form. One nitrate deposit 
in the Transvaal supplied the old Boer Government with saltpeter for 
making gunpowder. 

’ E. Niccoli, Giorn. chtm. ind, appUcata, 7 , 187-194 (1925). 

* Kestner, J. Soc. Chem. Ind., 37, 291 (1918). See also S. Salcedo, Ckem. Trade /., 57, 
179 (1915)- 
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Potassium nitrate also occurs in shale beds in South Africa that cover 
an area of some hundreds of square miles. The nitrate layers are not 
less than 10 feet thick, and the nitrate constitutes at least 3 per cent of 
the shales.^ Little definite information about these deposits has come to 
hand. 

India. — The Behar section of the Gangetic plain of India is famous for 
its production of saltpeter. The population of this region, which is over 
500 to the square mile, is mainly agricultural in occupation and thus is 
accompanied by a high proportion of domestic animals, so that the soil is 
amply supplied with organic nitrogen. Wood and cow dung are used for 
fuel with the result that the soil around the villages is also well supplied 
with potash. These conditions, combined with a suitable climate, result 
in the formation of potassium nitrate in the soil. Saltpeter and other 
salts often effloresce at the surface during periods of dry weather. 

Crude potassium nitrate is produced by simple methods. The salts are 
dissolved out of the soil and separated roughly by crystallization into the 
two principal constituents, sodium chloride and potassium nitrate. The 
saltpeter is then sent to refineries for further purification. Behar for many 
years yielded 20,000 tons of saltpeter annually,^ but the records of the 
U. S. Bureau of Mines show a production for 1924 of only 8,680 tons of 
nitrate. 

Mexico. — Small deposits of potassium nitrate have been reported from 
several localities, but they are believed to be small. 

Guatemala. — Crude saltpeter is prepared from surface soil in villages 
in Guatemala in the districts of San Augustin, Progreso, Occidente, and 
Totonicapan. 

Peru. — A deposit containing 5,000,000 tons of 49 per cent potassium 
chloride has been reported from Santa Ana in the Province of Arequipa. 
The salts occur in a vein about 18 inches thick under about a foot of 
conglomerate, in what appears to be an old lake. Scattered potassium 
nitrate deix)sits are reported from several localities. 

Dead Sea. — In recent years interest in the exploitation of the Dead Sea 
for substances contained in its brine has been keen. Its potassium chloride 
content has been estimated at 1,300,000,000 tons,^ which in addition to vast 
quantities of sodium chloride and other substances is accompanied by 
853,000,000 tons of magnesium bromide. The salinity of the Dead Sea 
is given by Enrico Niccoli as 22.30 per cent, 4.57 per cent of which rep- 

* E. G. Bryant, /. Soc. Chem, Ind., 38 , 360*3 T (19^9)* 

^Records GeoL Stir. India, 46 , 310-15 <* 9 i 5 )* 

•J. W. Turrentine, Mineral Ind., 86 , 490 (19*7)- 
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resents the potassium chloride content. This is a very dilute brine com- 
pared with that of Searles Lake, where the total salinity is about 33 per 
cent and the potassium chloride content is nearly 12 per cent of that. 


Domestic Deposits 

The chief domestic surface deposits of potash salts are brines that occur 
in beds of other salts. One such brine, that of Searles l,.ake, is the basis 
of the largest potash industry in the United States. 

Searles Lake.^ — Searles Lake basin is situated in San Bernardino 
County, Calif.; it lies between the Argus Range on the west and north- 
west, and a narrow rocky wall, known as the Slate Range, bounds it on 
the east and separates it from the deeper depression of the Panamint 
Valley. The basin is broad and roughly circular. 20-25 miles from north 
to south and 8-10 miles from east to west. At one tirfie it was flooded 
to a depth of over 600 feet above the level of the [)resent bottom. The 
present “lake” is an expanse of dry salt during the greater part of the year 
with an area of approximately 12 sciuare miles and an average thickness 
of 65-75 ^'he salt surface is so hard and compact that teams and 

motor trucks cross it readily, but like that of other saline lakes, the salt 
body is extremely parous, and the pore space, except for a few inches at 
the surface, is filled with brine. The brine can be pum^ied almost indef- 
initely from one spot without affecting its level. It is estimated that this 
deposit- contains 20,000,000 tons of potash and 25,000,000 tons of sodium 
tetraborate. 

Mineralogy of Searles Lake, —The following is an incomplete list of 
minerals occurring in the salt body. Their solubility is indicated. 


Halite 

Mirabilite 

Thenardite 

Trona (Urao) 

Natron 

Borax 

Gypsum 

Anhydrite 

Glauberite 

Hanksite 

Northupite 

Pirssonite 

Gaylussite 

Sulphohalile 

Tychite 

Searlesite 


NaCl Very soluble 
Na-SO^.ioHjO Very soluble 
NaaSCL Very soluble 
Na=C(L.NaHC 0 .. 2 H ,0 Readily soluble 
Na=COs.ioH ,0 Very soluble 
Na4B40T. 10H2O Very .soluble 
CaS04.2H.>0 Slightly soluble 
CaSCL Slightly soluble 
CaS04.Na2S04 Slightly soluble 
0Na.SO4.2Na..CO,.KCl Readily soluble 
MgCO, . Na^COa . NaCl Slightly soluble 
CaCCL.Na2COa.2H2O Slightly .solulde 
CaCOa . Na^COa. 5H2O Slightly .soluble 
2Na2SG4.NaCI.NaF Slightly soluble 
2MgCCL.2Na2C08.Na2S04 Almost insoluble 
Na20.B20j.4Si0a.2HaCJ) Almost insoluble 


* For material in this section the writers are particularly indebted to Hoyt S. Gale, U. S. 
Geol. Survey, Bull. 580 ^ 251-323 (1913). 

*J. VV. Turrentine, Potash, p, 77 John W'iley & Sons, 1926. 
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Celestite, cerargyrite, colenianite, dolomite, embolite, gold, niter and 
sulfur have also been reported. A deep well drilled at Searles Lake has 
been a prolific source of unusual and entirely new minerals.^ 

Chemical composition of Searles Lake brine . — Practically all the potas- 
sium is in the brine, which is of remarkable unifonnity in com|)osition 
from top to bottom and in all parts of the deposit. Two analyses are 
given in Tabic IV. The first is the average of six determinations made 
by W. Van Winkle of the Geological Survey, and the second is a more 
complete analysis made by W. H. Ross of the Bureau of Chemistry and 
Soils, U. S. Department of Agriculture. 

TABLE IV.— Chemical Composition of Searles Lake Brink 


1 2 


Total anhydrous salts, ignited residue, per cent 

33-30 

3^.85* 

Specific gravity of brine 

1.2074 


Composition of salt, anhydrous residue, per cent 



Na 

33. 1 

33-57 

K 

6.22 

6.06 

Li 


O.OI 

Mg 

0.00 

Trace 

AbOa 


0.012 

Fe.Oa 


0.003 

SiO-. 

0.02 

0.023 

Cl 

36.39 

37.02 

Br 


0.094 

I 


0.004 

SO4 

12.76 

12.96 

CO. 

7.II 

6 70 

PO, 


0.30 

ASrOa 

0.06 

0083 

B^Ot 

^•45 

3.00 


98.20 

9 Q -839 

Approximate. Specific gravity of sample was not determined. 


tiese analyses are made somewhat more intelligible by assigning the 


elements and radicals to each other in the conventional manner as follows r 



Per cent 

KCl 

11.56 

]Ma 2 S 04 

19.17 

Na 2 B 407 

a 2 C 03 

3-89 

11.84 

NaCl 

51.96 

Na 2 HP 04 

0.4s 


98.87 


^ For a detailed description of these minerals see Gale’s paper, p. 296*308 
* Based on Ross’ analysis, calculated by the writers. 
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The American Trona Corporation (now The American Potash and 
Chemical Corporation) started the erection of an experimental plant at 
Searles Lake in 1914. After extensive study and research, large scale pro- 
duction was reached in igi6. During the war other plants were con- 



jfjg X — Evaporating Room of the Searles Lake Plant of the American Potash and Chemical 
Corporation, showing Triple Effect Evaporators. 


structed and operated, but they have since been dismantled. The Ameri- 
can Potash and Chemical Corporation, on the other hand, has rebuilt and 
enlarged its plant and today is America’s largest potash producer. Al- 
though the brine is extremely complex, it has been possible by means of 
a simple, rapid, economical process to obtain remarkably pure products 
and to continue to operate successfully in spite of the present low price of 
potash. 

The process^ employed at Searles Lake consists essentially in eliminat- 
ing sodium chloride, sodium sulfate and sodium carbonate by evaporating 
the brine to the point where the liquor is nearly saturated with ix)tassium 
chloride and sodium tetraborate. The liquor is cooled rapidly by boiling 


G. R. Robertson, Ind. Bng, Chem,* 21 , 520-524 (1929). 
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in vacuum, which results in the ciystallization of a large pari of the 
potassium chloride, which is removed in settling tanks, centrifuged till 
free from mother liquor, and then washed. After drying the potassium 
chloride is ready for shipment. 'I'he mother liquor from the potassium 
chloride crystals is carlionated and cooled first by water and final!) by re- 
frigeration, which brings about the crystallization of most of the ])orax. 
The borax is then subjected to a second cry^tallization for })ur])oses of 
purification and after drying is ready for shipment. The various mother 
liquors still contain some potash and borax and arc returned to the process. 
The sodium chloride, sulfate and carbonate arc washed back into the lake. 

Production in J92S was 88,000 tons of ])otash, 20 per cent of the total 
consumption of the United States,^ and 47,ocx) tons of borax. This plant 
is said to be the world’s largest single producer of borax. 

Great Salt Lake Desert. — The greater part of western Utah and small 
parts of adjacent States were once covered l)y I,ake Bonneville,- of 
which Great Salt Lake is probably a remnant. As the waters of Lake 
Bonneville subsided a number of closed basins took the place of the single 
basin, and Great Salt Lake Desert is the central depression of one of these 
basins. It is situated lietween latitude 40^' and 31' and between longi- 
tude 1 13'’ and the Nevada-Utah boundary at an approximate longitude of 
Ii4‘''2.5'. The greater part lies in Tooele and Boxelder Counties, Utah. 
The desert is quite flat, but it contains several small groups of hills. 
This region has recently been prospected for potash by the Geological 
Survey, and the Survey’s report supplies most of the information given 
here. 

Two areas of crystalline salt occur in this desert. The larger of these, 
known as Salduro Marsh, covers nearly 150 square miles and is located 
near the west central border of the desert. The smaller deposit lies in the 
northwest corner of the embayment between the Desert Range and Pilot 
Mountain and is about 25 square miles in extent. The thickness of the 
salt bed of Salduro Marsh is about 5 feet near the central i)ortion of the 
depo.sit, but it tapers off at the edges. The salt is extremely porous, and 
the pore space, except for a few inches at the surface, is filled with brine. 
The salt itself contains relatively little potash as is shown by the follow- 
ing analysis of the soluble portion (9O.20 per cent) of the salts.^ 

* From a brochure published in 1928 by the American Potash and Chemical Corporation. 

* 0 . K. Gilbert, U. S. Geol. Survey Mon. 1, (1890). 

** G. F. I,oughlm and G, R. Mansfield, U. S. Geol. Survey Bull. 79S, 25* ** ^4 (1927). 

* H. S. Gale, Bng. Mining J., 102, No. 18, p. 780 (1916). 
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Per cent 

K 

0.07 

Na 

36.85 

Ca 

1.20 

Mg 

O.IO 

SO. 

2.88 

Cl 

5890 

CO3 

none 


10000 


The brine constitutes about one-fourth of the total volume of the salt 
beds, and the average composition is as follows : 



Grams per liter 

Cl 

192.0 

K 

10.6 

Mg 

6.3 

SO. 

5 -^ 


Saline waters are also found throughout the desert within the clay. The 
composition of these brines, expressed in grams per liter, is shown in the 
following composite analysis : 


Cl 

96.15 

Na 

57.30 

Br 

0.00 

K 

2.94 

I 

0.00 

Li 

0.002 

SO. 

4.08 

Ca 

1.51 

CO, 

0.00 

Sr 

0.00 

BO, 

0.00 

Mg 

1.91 


Sp. gr. at 25° C., I. II. 

Total solids at 180" C, 1647 grams per liter. 


The amount of potash available in this region is relatively small. 

The Utah-Salduro Company started production of potassium salts from 
the brines of these salt l)eds in 1917; in 1920 it was the largest single 
producer in the United States. The plant was closed in 1921, and no 
potash production has been reported since that time. 

Great Salt Lake. — Great Salt Lake, Utah, has a salinity of 20.35 
cent.^ Of this salinity, only 3.16 per cent is potassium chloride while over 
75 per cent is sodium chloride. The total supply of potash in the lake is 
large, but any exploitation of it for potash alone seems quite remote. In 
spite of difficulties two attempts were made during the war period, but 
very little information is at hand in regard to them. 


^ H. S. Gale, Potash in U. S. Gtol. Survey. 
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Nebraska Lakes. — The sand hill region of Nebraska has many shallow 
lakes, whose waters range from fresh through all degrees of salinity, up 
to and exceeding lo per cent. The depth of these lakes seldom exceeds 
5 feet, and they vary in area from mere ponds to 600 acres. Over 100 of 
these lakes, scattered over an area of 800 square miles, contain sufficient 
potassium to be of some importance. Their aggregate area is over 6,000 
acres. The lake bottoms are usually impervious sand, below which there 
is a sub-surface body of salts which rests on a second impervious stratum. 
These sub-surface salts may or may not contain commercial brines. 
Water occurring below the potash beds is usually fresh. W. B. Hicks^ 
has reported on 101 of these lakes. He estimates that 215,000 short tons 
of KyC.) are available in them and in underlying brines. Other lakes and 
various weakly alkaline waters may contribute a few hundred thousand 
tons in addition. 

The commercial potash brines of these lakes vary both in salinity and in 
composition of the dissolved salts. Analyses of three of these lakes, as 
reported by Hicks, are given in liable V. 

TABLE V, — Composition or Productivk Potash Brines in Nebraska. 


Alkali Lake 

Jesse Lake 

Plant Lnke 

Per Cent 

Per cent 

Per cent 


K 

12.89 

23.40 

21.93 

Na 

-’ 8-33 

20.74 

21.77 

Cl 

2.36 

3.71 

2.36 

SO, 

4.72 

14.84 

12.44 

C03 

30.33 

26.52 

28.39 

HCO, 

21.37 

10.69 

13.07 

SiO. 

— 

.10 

.04 

Salinity 

2.67 

4.49 

7.12 

Specific gravity (25° C.) 

1.022 

1.038 

1.062 


About 25 plants were erected in this region during the war period; 
in 1918 they produced 116,000 tons of salts, equivalent to 29,000 tons of 
potash. The only processing necessary was the evaporation of the brines 
and drying of the salts, which were then ground and shipped to market. 
No production has been reported from this source in recent years. 

Texas Lakes. — The brines from certain small and scattered alkali lakes 
in Gaines, Lynn and Terry Counties, Texas, contain potash and bromine* 
in workable quantities. The sands of the lake bottoms are impregnated to 
a depth of 5-20 feet with a brine consisting essentially of chlorides of 


* U. S. Geol. Survey Bull., 716 - 1 , p, 125-39 (19^*). 

* Anver. Periiliaer, 62 , No. 8, 7^*73 (i 93 o). 
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sodium, magnesium and potassium. No estimate of available tonnage has 
been noted. 

Deep Springs Valley. — In Deep Springs Valley, California, there exists 
a ‘'salt marsh'* or dry "lake” which contains a crystal body about 
square miles in extent. This salt body contains a potash-bearing brine 
with an 8 per cent potassium chloride content.’ 

Tonopah, Nevada. — A deposit containing about 1,000,000 tons of free 
sulfur and potash alum occurs about 35 miles west of Tonopah, Nevada. 
The alum and sulfur occur together in thin stringers throughout a mass 
of decomposed rhyolitic tuffs. L. Duncan- gives an analysis of the run- 
of-mine ore as follows: 


TABLE VI. — Analysis ok Rcn-ok-Mini*: Ork. 



Per cent 

K..AL(S0.)424H2() 

20 0 

S (free) 

150 

SiO, 

58.8 

AhO, 

2.6 

CaS ()4 

2.1 

CaCOa 

1.2 

Fe.Oa 

03 


100.0 


Although the potash alum and sulfur are recoverable by simple methods, 
this deposit is of minor importance from a potash standpoint Ix'cause 
alum contains only about 10 ])er cent K^O, and the alum is only 20 i)er 
cent of the ore, a circumstance that makes the total reserves, as based 
on Duncan’s figures, only 20,000 tons. 

Sea and Ocean Waters. — Ocean water has seldom been considered seri- 
ously as a source of potash except as a by-product, although it contains 
potassium compounds. The cost of evaporation to recover a constituent 
present in such low concentration would be prohibitive. It is entirely 
possible, however, that various pyoiX)saIs to use solar evaporation to re- 
cover other valuable products in addition to potash might succeed. The 
salt-gardens at Giraud cn Caraquet at the mouth of the Rhone produced 
80 per cent potassium chloride until operations were begun at Stassfurt. 
Solar refineries manufacturing salt from sea water'’ and the brines of 
saline lakes can produce a low-grade potassium chloride from the bittern 

1 L. A. Palmer, Chem, Met. Eng., 26, io34-xo36 (1922) has discussed this deposit and 
methods of working it. 

^ Chem. Met. Eng., 24, 529 (19-21)* 

8 Joel H. Hildebrand, Jnd. Eng. Chem., 10, 96-105 (1918). 
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remaining after separating sodium chloride. The saline lakes as a source 
of potash are considered elsewhere. 

Table VII, compiled by Enrico Niccoli, shows the composition of solids 
from various open and closed seas. 


TABLE VII. — Composition op Souds in Open and Ceosed Seas.^ 



Caspian 

Black 

North 

Mediterranean 

Atlantic 

Dead 


Sea 

Sea 

Sea 

Sea 

Ocean 

Sea 

Total salts (per cent) 

0.63 

1.77 

3-31 

3.37 

3.63 

22.30 

NaCl 

58.25 

77.39 

78.04 

77.07 

77-03 

36.55 

KCl 

1.27 

1.07 

2.09 

2.48 

3.89 

4.57 

CaCb 

MgCL 


0.20 




11.38 

10.00 

7.38 

8.81 

8.76 

7.86 

45.20 

NaBr -f MgBr. 


0.03 

0.28 

0.40 

1.30 

0.85 

CaSO^ 

7.78 

0.60 

382 

2.76 

4-64 

0.45 

MgSO, 

10.68 

8.32 

6.58 

8.34 

5-29 

CaCO, -f- MgCOa 

302 

3-21 

0.18 

O.IO 




100.00 

98.21 

99.80 

100.00 

100.01 

99.00 


* PercentaRe of total salt«!. 


Hildebrand states that the salt works around San Francisco Bay could 
produce about 2,800 tons of by-product ])Otassium chloride for each 
100,000 tons of sodium chloride produced. Thus, in a national emergency, 
sea water bitterns may take on some importance. 

INSOLUBLE POTASH MINERALS 

Because the insoluble potash minerals contain the country's greatest re- 
serves of potash, they have been studied extensively and processes have 
been developed which would make it possible to produce jxitash from them 
should other sources of supply be cut off. Further study of these minerals 
is at present in progress in government laboratories. 

Feldspar. — The feldspars are alkali or alkaline earth aluminum silicates, 
in which the base may be potassium, sodium, calcium or barium. The 
two important potash feldspars are orthoclase and microcline. The com- 
position of both is expressed by the formula KAlSiaOg, their hardness is 
6-6.5 specific gravity 2.54-2.56. Their theoretical composition 

is .silica, 64.7 per cent; alumina, 18.4 per cent; and potash, 16.9 per cent. 
Sodium may partially or completely replace the potassium in these min- 
erals. If the sodium predominates, the feldspar is called anorthoclase. 
As taken from the quarry good potash feldspar averages 10-12 per cent 
potash. 
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Potash feldspars are widely distributed,^ and they may usually be 
mined by open pit methods. The mineral is hard, consolidated and dif- 
ficult to quarry. Before any chemical treatment is applied the mineral 
must be ground, in marked contrast to greensand, which may be mined 
with a steam shovel and is fine enough for direct chemical treatment. The 
feldsj)ar deposits of this country contain a tremendous amount of potash. 

Processes for recovery of potash from feldspar. — Owing to its rela- 
tively high tx)tash content, as compared with other potash silicates, and 
to its wide distribution, feldspar has received much attention and study. 
Although the extraction of potash from feldspar is a fairly simple matter 
from the chemist’s view])oint, this rock has not been successfully exploited 
as a source of potassium compounds, owing to the failure of j^roducing 
potash cheaply enough to compete with the imported salts. It is unlikely 
that any process will succeed unless it makes provision for by-products 
to carry part of the cost of production. IVocesses for extracting potash 
from feldspar may l>e grouped into three divisions: 

(t ) Tho.se that render the pota.sh soluble by reaction with a salt, c. //., 
calcium chloride. 

(2) Those that use a base, such as lime, to break down the silicate. 
They include wet extraction after a lime treatment and volatilization by 
roasting the lime-feldspar mixture. 

(3) Those specifying the use of acids. 

Examples of each process will be considered briefly. 

(i) Treatment unth salts. — A. S. Cushman and his coworkers inves- 
tigated the feldspar question and devised an interesting process.^ A mix- 
ture of burned lime, calcium chloride and feldspar is formed into pellets 
about one-fourth inch in diameter, and these pellets are passed through a 
rotary kiln heated by oil or powdered coal. The calcium chloride reacts 
with the potassium compounds and renders the potash soluble. The red 
hot lumps fall into water as they leave the kiln, and the potassium chloride 
goes into solution. When the solution becomes sufficiently concentrated 
it is evaporated by being sprayed through the hot gases coming from the 
kiln. The very strong liquors resulting are finally dried in a rotary kiln, 
and the material is ready for market after it is ground. The product runs 
70-80 per cent potassium chloride and 14-16 per cent sodium chloride, 
with some calcium compounds and water. 

* E. S. Ba.stin, U. S. Geol. Survey Bull. 420 . 

* Cushman and Coggeshall, Ind. Eng. Chem,, 7 , 145*151 (i9i5)» Earlier papers are; I. Am. 
Chem. Soc., 30 , 779 (1908); U. S. Dept. Agr., Office of Public Roads Bull. No, 28 (1907); 
Ind. Eng. Chem., 4 , 821-827 (1912). 
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McClenahan^ treats finely ground feldspar with ammonium bifluoride 
in a water solution. D€ComiX)sition of the rock results with the forma- 
tion of a solution of ammonium silicofluoride, insoluble potassium silico- 
fluoride and ammonium aluminofluoride. The solids are separated by de- 
cantation, washed and treated in steam at 650° F., which drives oif the 
last of the silica as volatile ammonium silicofluoride. The alumina be- 
comes partly potassium aluminofluoride and partly the hydrate. The 
potash and alumina are dissolved out of this mixture with lime and caustic 
alkali, and a residue of the calcium fluoride and insoluble materials present 
in the ore is left. Hydrofluoric acid is regenerated from the calcium 
fluoride by sulfuric acid. The caustic solution is treated with carbon di- 
oxide, which precipitates the alumina and converts the potassium into the 
carbonate. The first mother liquor, to which has been added the additional 
ammonium silicofluoride volatilized from the potassium silicofluoride and 
ammonium aluminofluoride, is now treated with ammonia to precipitate 
the silica. The filtrate is evaporated to dryness, and the ammonia is 
driven off and used to regenerate the original reagent, ammonium bi- 
fluoride. 

The process thus yields a [)ure alumina, potassium carbonate, which may 
contain a little sodium and amorphous, finely divided silica of high purity. 
The reagents are used cyclically.- The process utilizes every constituent 
of the original ore. 

(2) Reaction Tjciih a base, — W. H. Ross* found that when 1 part of 
feldspar and 1.7 parts of lime are digested with water at pressures of 
10-15 atmos])heres, 90 per cent of the potash passes into solution as the 
hydroxide; raising the pressure to 90 atmospheres results in almost total 
decomposition of the feldspar. The residue has the composition required 
for Portland cement clinker. In the absence of lime, no decomposition of 
the feldspar takes place even at 1,450 atmospheres. The Ross process 
is essentially the same as that applied later to greensand by the Eastern 
Potash Corporation. 

One recent suggestion is interesting.^ Potash silicates may be sub- 
stituted for sand in the volatilization of phosphorus from ])hosphate rock. 

' U. S. Patents 1,426,890 and 1,426, t’^i. 

* Turrentine, Potash, p. 99. 

*/. Ind. Bng. Chem., 9 , 467 (1917). 

* Koss, Mehting and Jones, Ind, Eng, Chem,, 16 , 563 (i 9 -M>- 
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About 90 per cent of both the potash and phosphorus is volatilized. The 
volatilization of the potash is apparently brought about by the action of 
the free lime resulting from the decomposition of the phosphate rock. 
The recovered product, which consists of a solution of potassium phos- 
phate in phosphoric acid, is a good starting material for the manufacture 
of concentrated fertilizers. 

(3) Acid extraction, — C. A. Doremus invented a process for the recov- 
ery of alumina from bauxite and other aluminum compounds, including 
potassium aluminum silicates. When this process is applied to feldspar, 20 
l)arts of the finely ground rock are treated with about 130 parts (as in- 
dicated by analysis) of 20 per cent hydrofluoric acid. The alumina goes 
into solution as fluoride, and the insoluble potassium silicofluoride that 
forms is removed by decantation or filtration. Any silica present in ex- 
cess of that required to combine with the potash as the silicofluoride is 
precipitated, provided there are enough bases present to combine with 
both the hydrofluoric acid and the hydrofluosilicic acid. Aluminum flu- 
oride is crystallized from the mother liquor and then heated in the presence 
of steam to form aluminum oxide and hydrofluoric acid, which is re- 
covered and used again. The potassium fluosilicate may be treated with 
sulfuric acid to make hydrofluosilicic acid and potassium sulfate. Hydro- 
fluoric acid may be regenerated from the former. In an alternative pro- 
cess the potassium silicofluoride may be heated with calcium sulfate to 
produce potassium sulfate and calcium fluoride. 

Alunite. — Alunite is a hydrous sulfate of potassium and aluminum of 
hardness 3.5*'4 and sp. gr. 2,58-2.72. As mined alunite is colorless or 
white to pink. It occurs in lenses, dikes or massive veins, and is a hard, 
consolidated mineral. The composition of alunite is expressed by the 
formula K20.3Al2(^j.4S04.6H20, and its theoretical composition is 
therefore K.O, 11.36 per cent; Al^Oj, 36.97 per cent; SO3, 38.63 per cent; 
and water of constitution, 13.04 per cent. Alunite is frequently associated 
with gold, the search for which has been responsible for uncovering many 
deposits in this country. Alunite deposits at Tolfa, Italy, have been 
worked since the 13th century, mainly for the production of alum. Like 
most minerals, alunite can seldom be mined in a pure state. The follow- 
ing table gives analyses of alunite from various sources in the United 
States : 
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TABLE VIIL— Analyses op Alunite. 


I 

2 

3 

4 

Per cent 

Per cent 

Per cent 

Per cent 


ALO:. 

3903 

38 

37.18 

34.40 

FCaOa 



Trace 

Trace 

SC)., 

3893 

38 

38.34 

36.54 

P.O5 



0.58 

0.5a 

K.O 

4.26 

3 

10.46 

g.71 

NaO 

4.41 

6 

0.33 

0.56 

H.O-H 

13-35 


jj.yo 

13.08 

H.O- 



000 

0.1 1 

SiO-. 



0.22 

5.28 

hisoliihU* 

0.50 





icx).48 


100.10 

100.18 


No. T, alunite from Red Mountain, Colo. E. B. Hurlbut, Am. J. S'ci., 3rd vSer., 48 , 130-131 

( 

No. 2, alunite from Itovard District, Nevada, F. C. Shrader, Fa on. Gcol., 8, 763 (1913). 

No. 3, Selected specimen of clear pink alunite from Marysvale, I'tah District. B. S, Butler 
and H S. Gale, U. S. Geol. Survey Bull. 511 , p. 8 (1012). 

No. 4, Selected sample of li#fht pink rock, same *.oijrce as No. 3. 

I^rge deposits of alunite are reported from Vancouver, B. C.,^ Tolfa, 
Italy,-' New South Wales, ^ and from several states in the United States.^'^’® 
Minor deposits are reported from many localities. The deposits of chief 
importance in this country are those in the Tushar Mountains of southern 
Utah, Pinto County, near Marysvale, about 200 miles south of Salt Lake 
City. Availal)le estimates of possible ])otash tonnage from alunite are 
limited to one or two localities. As a source of potash, alunite does not 
have the great possibilities of heavy tonnage that feldspar or greensand 
{lossesses. Unfortunately the alunite deposits of the United States are 
located in the Far West, remote from the fertilizer markets of the East. 
Alunite is a potential source of aluminum as well as of potash, and this 
fact increases its importance. 

Potash from alunite, — The chemistry of alunite has been described by a 
number of writers.® Untreated alunite is insoluble in water, but when 
roasted at about 800® C. the water is eyolved and the potassium becomes 
soluble as potassium sulfate. The aluminum appears as insoluble alu- 

^ Oil, Paint Drug Reptr., 89 , No. 27, 24 (19*6). 

* B. S. Butler and H. S. Gale, U. S. Geol. Survey Bull. 611 . 

® E. P. Pittman, Rpt. Geol. Survey, New South Wales, 1901, pp. 419-429. 

* G. F. LouRhlin, U. S. Geol. Survey Bull. 690 . 

* E. S. Larsen, U. S. Geol. Survey Bull. 630 . 

® H. Bowley, /. Proc. Roy. Soc., W. Australia, 7 , 48-63 (1920-1). 

E. S. Simpson, Chem. Eng. Mining Rev. (Australia), 11 . 297-8 (1919). 

F. E. James, Bull. Commonwealth, Australia Advisory Council, Set. & Ind., No. 3, (1917). 

W. H. Waggaman and J. A. Cullen, U. S. Dept. Agr. Bull. 416 (1916). 
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minum oxide, and part of the oxides of sulfur is driven off. It is evident 
then that the potassium and aluminum can he separated by simple roasting 
and water extraction, and this i)roperty of alunite plays a prominent 
part in nearly all the processes proposed for its utilization. 

Great interest was shown in alunite during the World War.^ Many 
processes were jiroposed, and some actual operations were started. Sev- 
eral investigators planned to roast the alunite and leach out potassium 
sulfate; others added sulfuric acid to satisfy the aluminum and recovered 
alum and aluminum sulfate. Many of the patentees were primarily in- 
terested in ])otassium; others were interested in alumina, a few in sul- 
furic acid and some make provision for the i)roduction of all three. Sev- 
eral patents propose the production of alkali aluminate and its further 
processing. In addition to sulfuric acid as a reagent, hydrochloric and nitric 
acids, sodium chloride, calcium chloride and calcium carbonate are pro- 
posed. It is apparent that alunite has received its share of attention from 
investigators and inventors, and exploitation would follow swiftly should 
suitable market conditions arise. Mention should be made of the fact 
that both treated and roasted alunite are of some value when applied 
directly as fertilizer, and that roasted alunite gives quicker results.^ 

Alunite is being worked in a small way in Australia. Japanese alunite 
was mined to the extent of 19,255 tons in 1923. The production had 
fallen to 113 tons in 1925, No figures are available since that date. In 
1927, 800 tons of alunite was mined in Italy. The deposits at Tolfa, 
estimated to contain 150-200 thousand tons of ore,** have been worked 
since the thirteenth century, mainly for the production of alum. The in- 
dustry is still active. 

Leucite.— The term leudtc, used in connection with potash, generally 
refers to leucite-bearing rocks, recent lavas, which, in this country at 
east, always contain other potash minerals. Rocks rich in leucite are 
known in only three localities in the United States. Two of these, 
located m the Bearpaw and Highwood Mountains in Montana," contain 
comparatively little potash, but the third, the Leucite Hills of Wyoming 
has been estimated to contain 200,000,000 tons of K^O, and an equal 


^ For a description of an alunite plant. 
il922). 


see R. H. Tingley, Rock Products, 88, No. 


6 , 


»W. H. Waggaman, U. S. Dept. Agr. Bur. Soils Cir 
H, M. Hoar, loc. cit., p. 68. 

‘Weed and Pirsaon, Am. ]. Scs., 4th ser., 2 , 147 (,806) 
vey Bull. a37 (1905). ^ ® 


(jgij). 

See also Pirsson, U. S. Geol. Sur- 
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quantity of alumina.^ These hills are therefore a potash source of vast 
potential importance. Their remoteness from the market, however, and 
the difficulties of extracting the potash will probably postpone any large- 
scale exploitation for some time. 

The leucite lavas of the Leucite Hills are wyomingite and orendite. 
They are fine grained, earthy appearing rocks. Ordinarily mica is the 
only mineral in them that can be recognized with the unaided eye. The 
mineralogical composition of wyomingite from Boar's Tusk, Leucite Hills 
is given by Schultz and Cross as — 



Per cent 

Uncombined silica 

18.7 

Leucite (KAlSiaO#) 

26.1 

Nosclite (AliNaaSSijOi*) 

8.7 

Diopside (CaMgSLOe) 

18.8 

Phlogopite (AlMgsKHaSiaOia) 

19.9 

Accessory minerals 

7.8 


100.0 


When the rock contains both leucite and sanidine (KAlSi.iO^) in notable 
amount it is called orendite. The chemical composition of the potash- 
bearing minerals of the leucite rocks and of wyomingite and orendite from 
Zirkel Mesa, Leucite Hills, is given in Table IX. 

TABLE IX.— Composition of Leucite Rocks and Associated Minerals.* 


Leucitef Sanidinef Diopside Phlogopite Wyomingite Orendite 



. Percent 

Per cent 

Per cent 

Per cent 

Per cent 

Per cent 

Silica (SiOj) 

55.0 

64.7 

50.86 

42.56 

53-70 

54.08 

Titanic acid (TiO») 



303 

2.09 

1.92 

2.08 

Alumina (ALOs) 

i? 3.5 

18.4 

12.18 

II. 16 

9.49 

Chromic oxide (CraO*) 



0.73 


Ferric oxide (FeaOa) 



1. 19 

2.73 

3.10 

3.19 

Ferrous oxide (FeO) 



1.82 

0.90 

I. 2 I 

1.03 

Magnesia (MgO) 



17.42 

22.40 

6.44 

6.74 

Bai^a (BaO) 

Lime (CaO) 



23.23 

I.OO 

0.20 

3.46 

3.5s 

Soda (NaaO) 



0.76 

0.44 

1.67 

1.39 

Potash (K, 0 ) 

21.5 

16.9 

0.42 

10.70 

11.16 

11.76 

Water (H, 0 ) 

0.31 

2.35 

341 

3.50 

Phosphoric acid (PaOe) 





1.75 

1.35 

Sulfur trioxide (SOa) 





0.06 

0.29 

Fluorine (FI) 




2.46 

0.44 

0.49 

Other constituents 



0.03 

0.06 

0.92 

1.03 

Specific gravity 




2.627 

2.6^ 


♦Collected from Schultz and Cross, he, at., p. 11^13. 
t Theoretical composition. 


' Schultz and Cross, U. S. Oeol. Survey Bull. 51 S. p. 35. 
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The Leucite Hills rise abruptly from the surrounding plain and pre- 
sent extensive vertical rock faces, a situation that should make quarrying 
easy. The extraction of all the |x)tash from these rocks involves the 
decomposition of at least three minerals — leucite, phlogopite and sanidine. 
Since all these minerals are silicates, sanidine itself being a variety of 
orthoclase, it would appear that any process successful with feldspar 
would also succeed with leucite rocks. The Sterling process, in which the 
ground rock is mixed with sodium chloride and fused in rotary kilns and 
the potash is volatilized and collected in bag filters, was develoj)ed to the 
point of large-scale production before the end of the period of high-priced 
potash. It would seem that the successful development of the Italian 
leucite.s^ should point the w^ay for investigators in this country, although 
the Italian proldem diflfers in several aspects. Concentrating the leucite 
by electromagnetic means has been successful abroad and might succeed 
here, but it is unlikely that any process yielding potash alone will succeed 
in America under present conditions. The literature on the Italian leucite 
is very extensive. No production in the United States has l>een reported 
in recent years. 

Italian leucite . — The Italian leucite deposits represent a potash reserve 
of tremendous importance. H. S, Washington* has descril>ed these de- 
povsits exhaustively. He estimates that they contain 8,786,200,000 metric 
tons of KX). According to J. W, Hinckley,^ ‘‘supplies to meet the w^orld’s 
demands for i)otash over a period of 500 years are at present available and 
visible in these lavas at a cost not greater than that of the potash obtained 
from the Stassfurt deposits.’^ The chemistry of leucite has been thor- 
oughly studied, workable processes for its treatment have l)een devised, 
and an industry based on it has been established in recent years. Although 
the annual output fluctuates (18,000 tons of potassium oxide in 1925 com- 
pared with 4,500 tons in 1927) the industry appears to he firmly estab- 
lished. 

Greensand.-— The term greensand or greensand marl refers to deposits, 
usually unconsolidated, of glauconite granules more or less contaminated 
with other minerals but frequently nearly 100 per cent glauconite. Green- 
sand is very widely distributed ; the most extensive deposits, however, are 
the beds of New Jersey. From the viewpoint of actual potash contained, 
these deposits are second in importance only to the Italian leucites. 

* Carnevali, Rass. min. met. chtm., 66, 802 (1927). 

* Met. Chem. Eny., 18 , 65«7i (1918). 

* Chem. Trade 73 , 608 (1923). 
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Washington^ estimates that the New Jersey beds contain 2,242^00,000 
short tons of KgO and that there is enough i)otash within reach of the 
steam shovel to last the United States a thousand years. G. R. Mansfield 
gives a splendid survey of these deposits.- The potash of greensand occurs 
in the glauconite. 

Glauconite is a definite mineral that occurs in the rocks of nearly all 
geological ages from the Cambrian down to the most recent and is at 
present being formed on the bed of the ocean, although not all glauconite 
is of such origin. It is a granular, green to black, unconsolidated mineral 
of hardness'* two and specific gravity of 2.29-2.35. It is usually amor- 
phous, although occasicmal crude crystals have been found. The chemical 
nature of glauconite is still in dispute. It is essentially a hydrous silicate 
of iron and potassium in which some of the iron is replaced by aluminum 
and other bases may replace part of the potassium. 

The composition of glauconite is extremely variable with the exception 
of the silica, which is always very close to 50 per cent of the total. The 
apparent variable composition of glauconite is thought by some to be due 
to the extreme difficulty of securing a pure sample. The following an- 
alyses compiled by Mansfield will show what composition may be expected. 

TABLE X.— CiucMic^i. Comi»osition ok Gi.alxonitf. from Olui-r 



SitniMKM\RY Deposits. 




I 

2 

3 

4 


Per cent 

Per cent 

Per cent 

Per cent 

Si( L 

5058 

49-47 


51-24 

Fe.Oa 

19.50 

19.46 

10.56 

13-44 

FcO 

2.()6 

336 

3.06 

3-o6 

ALOa 

6.72 

5-59 

15.21 

12.22 

CaO 

•34 

.60 

•55 

.10 

MgO 

4.10 

3.9t> 

2.65 

3.93 

K..() 

8.26 

804 

6.05 

7-50 

Na,() 

.04 

,16 

1.21 

•31 

C (\ 

•30 

•56 

— 


P..O5 

■27 

1.06 

— 

— 

HX) 

776 

8.54 

11.64 

8.20 


100.83 

100.80 

100.02 

100.00 


1. From Sewell, N. J. 

2. Elmwood Road, N. J. 

3. Ashgrove, near Elgin, Scotland. 

4. Ontika, Russia. 

* Loc, cit., p. 17. 

*U. S. Geol. Survey Bull. 727 (19.12). 

^ J. 1 ). Oana, System of Mineralogy. 
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Greensand marl was extensively used directly as a fertilizer in the 
regions where it occurs as early as lOO years ago. The quantity used 
annually in the late sixties was nearly a million tons.' Of historical in- 
terest in this connection is an analysis of green earth (probably green- 
sand) from Rancocas Creek, New Jersey, by Henry Seybert- in 1822. 
The potash in greensand becomes slowly available although the water- 
soluble potash is very low.® 

The patent literature of greensand is very extensive. Some of the out- 
standing processes will be considered briefly. 

Autoclaving zvith lime and steam. — The Eastern Potash Corporation, 
after successful small-scale experiments, started the construction of a 
large plant (1000 tons of greensand used daily) near New Brunswick, 
N. J., but the work was stopped owing to the falling potash prices at the 
close of the war. The process* consisted in autoclaving greensand with 
lime and steam at about 470^ C. to render the ])otassium soluble as potas- 
sium hydroxide. A high-grade sand lime brick was to be produced from 
the residue. 

Roasting zoitli salt and lime. — The processes of F. Tschirner® formed 
the basis of the operations of the R. S. Ryan Company, which constructed 
and operated a successful pilot plant during the World War and laid 
plans for a commercial unit. Engineering estimates based on potash alone 
gave a very favorable outlook. A mixture of 10 parts of greensand, 12 
parts of limesand and 3.5 parts of sodium chloride w’as heated in a 
rotary kiln at 800° C, The roasted mass was leached to dissolve out 
sodium and potassium chlorides, which were then separated by fractional 
crystallization. In the pilot plant about 80 per cent of the potash content 
of the greensand was recovered. 

Acid extraction. — Greensand is readily attacked by mineral acids. The 
action of Sulfuric acid is particularly interesting. The soluble constituents 
are removed by the acid, and a residue of practically pure silica remains. 
This silica was found by the Bureau of Soils® to be an active adsorbent 
and decolorizing agent useful for decolorizing oils and for other purposes. 


^ G. H. Cook, Geology of New Jersey, p. 461 (186S). 

^Mem. Phxla. Soc. Prom. Agr., 6, 2\ (18^6), 

® New Jersey Agr. Kxp. Sta. Cir., 61 (1916). 

R. N. Shreve, Concrete (Cement Mill ed.), 20, 43-7; see also Ind. Eng. ihem., 13, 693*5 
(1951). 

® U. S. Patents 1,254,450, 1,254,45? and 1,292,929* 

Ttirrentine, Whittaker and Fox, Ind. Eng. Chem., 17 , 1177 (1925), Whittaker and Fox, 
Jbid.j 19, 467 (192?)* 
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It was given the name ‘^Glaucosil/' Glaucosil appears to be the silica 
skeleton of the original glauconite granule, since it retains essentially the 
size and shape of the granule and does not go down to a mud as most 
minerals do when digested with acids. If the possibility of marketing 
the silica as a by-product is considered, the outlook for potash production 
from greensand is good. The alumina and iron present also offer op- 
portunity for by-])roducts. 

The process consists in extracting the greensand with 40-60 per cent 
sulfuric acid and treating the liquors by any of several methods. Frac- 
tional crystallization to recover potash alum and iron sulfate may be used. 
Glaucosil is prepared from the insoluble residue by simply washing it 
free from acids and salts and drying. 

The Moxham process^ used by the Electro Co., of Odessa, Delaware, 
is also a sulfuric acid jirocess. This company reported a small production 
in 1927. 

Other processes . — It is difficult, or even impossible, to decide on the 
most important processes for greensand extraction, but those described 
have attracted more attention than others. Turrentine“ gives a classifica- 
tion of the many processes that have been patented. 

Shales and Slates. — The peculiar physical properties of slates and shales 
are quite familiar. Chemically the slates are extremely variable, and no 
formula can be assigned. They are not chemical individuals in the sense 
of al unite or orthoclase, but may be composed of consolidated mixtures 
of any of the common rock-forming minerals in varying stages of de- 
composition. The bulk of the material in slate appears to have been col- 
loidal at the time of deposition, and under the microscope the optical 
properties shown are principally those of aggregates.’^ 

The mining of slate for building and other puqxises has long been an 
im^xirtant industry, but it is only in the last few years that this rock has 
attracted any attention as a possible source of potash. In this connection 
the slates and shales of Georgia, Illinois and Minnesota are probably the 
most important, and of these, the slate of the Cartersville formation, 
Georgia, has attracted the most attention. 

Georgia Shales . — This formation outcrops in a belt averaging one-half 
mile in width, extending through Cartersville and about 15 miles norlh- 


* Turrtntine, Potash, p. lu. 

^ Ibid.j p. 104. 

* For a discussion of the mineratogicat composition of slates, see H. K. Shearer. Geol. Sur- 
vey of Georgia Bull. 34 . 
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east of that city. A thickness not exceeding 1000 feet is indicated.^ 
Although no estimate of potash reserves in this region has been noted, 
by assuming a block of slate 15 miles by 0.5 mile by 1000 feet, running 
170 lbs. of slate to the cubic foot and containing 8 per cent KgO, a 
figure of 1,420,000,000 short tons of KgO is obtained, an estimate that may 
be far in either direction from the truth, but which shows this deposit to 
be a vast potential source of potash. 

A table showing the average of six analyses of Cartersville slate com- 
piled by Shearer follows. 


TABLE XI. — Comi’osition of Cartkksviij.e Slati*. 



Per cent 

Silica (SiOj) 

5673 

Alumina (ALOO 

19-7 

Ferric oxide (FcsOs) 

5-57 

Ferrous oxide (FcO) 

i.8g 

Magnesia (MgO) 

I 93 

Lime (CaO) 

.01 

Soda (NasO) 

.49 

Potash CK^O) 

885 

Loss on ignition 

377 

Moisture 

.38 

Carbon dioxide (CO 2 ) 

.00 

Titanium dioxide (Ti02) 

.88 


9977 


Many of the processes for extracting potash from silicate rocks should 
be equally suitable for slate so far as the chemistry of the processes is 
concerned. Alumina appears here as a possible by-product as it does in 
the case of some other potash minerals. In general the slates are more 
easily mined than the feldspars, are less difficult to reduce to small size 
for chemical treatment, and are more readily attacked by reagents. 

Probably the best means of obtaining potash from Georgia shale would 
be the utilization of the shale as a constituent of the raw mixture in the 
manufacture of cement (see p. 366), with the recovery of potash as a by- 
product.^ The analyses show the one to three ratio of alumina to silica 
and low magnesia content essential to cement manufacture. 

Shearer has described potash operations on Georgia shale up to 1918. 
Preliminary trials have indicated that the Doremus process (discussed 
under Feldspar) may he successfully applied to this material. 

Illinois Sluxles . — Shales bearing 5-5.8 per cent of potash are reported 
from Union County and from Lee County, Illinois, but they differ con- 

^ Shearer, loc. cit., p. 128*130. 

Ibid., p. 116; Turrentine, Potash, p. 132. 



vegetable or organic sources of potash 


361 


siderably. In a study of these shales, M. M. Austin and S. W. Parr’ find 
the potash of the Union County shale to be only 62 per cent recoverable 
with concentrated sulfuric acid and that from the Lee County shale only 
15 per cent recoverable. Both of the shales have a composition that might 
be adapted to cement manufacture with a view to by-product potash, but 
direct potash production seems unlikely. 

Minnesota Shales. — U. A. Schmitt**' has described the Decorah and 
(kilena foimations near St. Paul. The potash content ranges from 5 to 
over 8 per cent, aljout 60 per cent of which is more easily available than 
the remainder. Schmitt has also described processes for utilization. 

VEGETABLE OR ORGANIC SOURCES OF POTASH 

Under this title are discussed vegetable and organic sources of potash 
with the exception of Steffen’s waste, distillery waste, and wool scourings, 
which are considererl under Potash from Industrial Waste. Kelp is 
t)articularly important. Some of the potash production described is the 
result of utilization of plant residues that are oidinarily waste material, 
but these sources are so characteristically \egetable that they seem to fall 
more properly in this section. 

Potassium compounds are important constituents of nearly all plants, 
and theoretically, at least, potash could be i)roduced from most plant 
residues. In the i)ast crude ]>otash has been ])roduced in considerable 
amounts from wood and other plant ashes, and it is still so produced in 
some localities where wood is bunied as fuel or where much wood or 
other plant waste is available. Obviously, the growing of any plant for 
the recovery of its j^otassium content would result in the rapid depletion 
of the soil and such an enter]:)rise would be -elf-limiting. Seaweed would 
seem to be an exception because the potassium in the plants is supposed 
to be absorbed from the sea water and since the water around the plants 
is constantly changing, there would be little depletion of the source 
from which the plant draws its supply. In special cases the production of 
by-product potash from plant residues is still found profitable. 

J. Fritsch'^ gives the following analyses of a number of plants showm 
in Table XIL 

^ Ind. Eng. Chem., 13 , J1441146 (iq2i). 

^ Bcon. Geol., 72-83 (1Q24), 

'‘The M;anufacture of Chemical Manures, Translation b> H, B. Stocks, 1020, p. 314. 
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TABLE XII.— Potash Contknt of Various Plants. 

Potrmh in Potash in 

Plant looo parts Plant looo parts 


Pine 

0-45 

Barley straw 

5.80 

Poplar 

075 

Fern 

6.26 

Beech 

T.-l'i 

Reeds 

722 

Oak 

1-53 

Maize stalks 

17.50 

Willow 

2.85 

Sunflower stalks 

20.00 

Alder 

3-90 

Chrysanthemum 

25.00 

Wheat straw 

390 

Nettle 

25.03 

Thistles 

5.C0 

Vetches (tares) stalks 

27.50 

Vino 

5-50 

Absinth stems 

73.00 



Fumitory 

7Q.00 


Wood Ashes and Lime Kiln Ashes. — The ancient Greeks and Romans 
were familiar with the leaching of wood ashes for soluble alkali, hut were 
unable to distinguish between potash and soda, both of which were known 
l)y the general name; nitrum. 

Prior to the extensive exploitation of the Stassfurt salts, wood ashes 
were the chief source of potash salts. In fact, in the middle of the last 
century, of the world's potash was produced in Canada from wood 
ashes. In 1851, there were 273 asheries in Canada, and in 1871 there 
were 519, but this number had dwindled to 128 by 1891. Canada ex- 
ported 27,000,000 lbs. of potash in 1850.^ 

Potash manufacture from wood ashes was a very important industry in 
colonial America during the latter part of the i8th century and in the 
United States until about the middle of the 19th century. The incen- 
tive of profit from potash stimulated the clearing of much land that 
otherwise would not have been cleared until a much later date. C. A. 
Browne^ has written an interesting account of the early potash industry 
in the United States. Today wood ashes occupy a very minor position 
in the industry. According to H. J. Wheeler^ they may contain 2.5-12 
per cent of potash, 30-35 per cent of calcium oxide, 3-4 per cent of mag- 
nesium oxide, and 1-2.5 cent of phosphoric acid. In burning wood 
for recovery of its potassium content careful control of conditions is 
necessary. Too high a temperature may result in volatilization of potas- 
sium salts and formation of insoluble potassium silicates.^ 

Lime kiln ashes consist usually of a mixture of waste lime and wood 
and coal ashes and are of low potash content, ranging from i to 2 per 
cent. They have sometimes been used directly as a fertilizer. 

» E. B. Biggar, Trans, Am. Inst. Chcm. Eng,, 10 , 85.103; C. T. Edgar, Met. Chem. Eng., 1$, 
537-9 (JpiS)- 

Chem. Education, 3 , 749-756 (1926). 

® Manures and Fertilirers, 1913, p. 22%. 

♦For a description of the preparation of potash salts from wood ashes, sec J. W, Mellor. 
Treatise on Inorganic and Theoretical Chemistry, vol. 11 , p. 438; C. T. Edgar, he. at. 
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Flax Mill Befuse. — Flax niilF refuse contains about 0.7 per cent of 
KgO and is used directly as fertilizer in New Zealand. 

Hedge Clippings. — Ashes of hedge clippings contain 10-13 per cent of 
KoO^ and are valuable if loss does not occur by exposing the ashes to 
rainfall. 

Tobacco Stems. — Tobacco steins and waste nndril)s from the leaves, sold 
as tobacco steins, are reixirted by the Massachusetts Experiment Station 
to contain 3.76-8.22 per cent potash. They are rich also in nitrogen. 

Com Cobs. — The potash c<jntent of corn cobs is exceptionally high, 
averaging 6.8 per cent, while the ashes from them contain about 50 per 
cent of potash.'** 

Cottonseed Hulls. — The ashes from cottonseed hulls were formerly used 
extensively for growing tobacco in the Connecticut Valley. The Massa- 
chusetts Experiment Station found the potash content to range from 10 
to 42 i>er cent, the average being 22.48 per cent. In addition, they con- 
tain 3-13 per cent of phosphoric acid, 9 per cent of lime and 10 j)er cent 
of magnesia. 

Glacialo. — About 1850 a plant called glacialo ( Mesembryanthemum cris- 
taUincum) was grown in Sardinia for the potash from its ashes. This 
ash contained al)out 30 per cent of potassium carbonate and 6 per cent of 
sodium carbonate.* 

Caucasian Sunflower. — The sunflower grown in the Caucasus for its 
seed is particularly interesting and deserves more than passing mention. 
The stalks and branches are burned as a source of potash. The first 
factory for this purpose was established at Maikopp, by SchaponaloAV, in 
1899. By 1907, 24 factories were producing a total of 700,000-900,000 
poods with a*value of 22,000,000 rubles. The pood is equivalent to 40 
funt or 36.113 lbs. Advp, (16.38 kg.) A deciatine (2.70 acres, or 109.25 
ares) of sunflower on good land yields 200-300 poods of stem, which in 
turn yield 3-5 per cent of ash. Three to four poods of ashes give a pood 
of potash. The analysis of sunflower potash from Kuban according to 
Fritsch gave water 1.7, potassium carbonate 89, sodium carbonate 5.0, 
potassium sulfate 2.01, potassium chloride 1.5 1, and insoluble matter 
0.74 per cent. Three-fourths of the potash is exported to New York, 
London and Hamburg. 


* C. Ashton, /. Agr. New Zealand, 14, 440-7 (1917). 

* E. J. Russell, /. Board Agr,, 81, 694 <1914). 

* H. J. Wheeler, loc, ett,, p. 233. 

^J, Fntseb, loc, cit,, /*, 295, 
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Kelp. — The burning of seaweed and spreading of the ashes therefrom 
on the land for fertilizer dates as early as the i8th century and i>erhaps 
earlier. Crofters on the shores of West Scotland, Ireland, Northwestern 
France, and Japan burned drift kelp for fuel and used the ashes very 
successfuMy as fertilizer with the result that at the beginning of the 19th 
century kelp harvesting was an important industry. The impure alkali 
carbonate known as barilla was obtained from ashes of seaweed by lixivia- 
tion and fractional cry.stallization. Most of the potash u.sed in the in- 
dustries and arts was obtained from barilla and kelp. The term kelp was 
then used frequently as meaning ashes of seaweed. 

Jn igii the Congress of the United ^states authorized the Bureau of 
Soils and the Geological Survey to investigate the fertilizer re.sources of 
the United States, and under this authorization surveys of Pacific Coast 
kelps from Alaska to Mexico were made. The preliminary report of 
work under this authorizatiem is in Sen. Doc. 190, 62nd Congress, 2nd 
Session, Fertilizer Resources of the United States, by F. K. Cameron, 
R. B. Moore and several others. The extensive survey referred to is con- 
tained chiefly in Re[)ort 100, I^otasSh from Kelp, by F. K. Cameron, W. C, 
Crandall, Geo. R. Ribb and T. C. Frye. 

These survet s disclosed the fact that vast quantitie^ of potash could be 
produced annually from Pacific Coast kelps. The plant of chief impor- 
tance is the giant kelp Macrocystis f>yrifcni.'^ In 1917 the Bureau of 
Soils constructed a .small plant at Sunimerland, Calif., f(jr the study of 
methods for the production of potash and other materials from kelp. The 
experiments w^ere continued until 1921. 

Briefly the process w^as as follow's : The kelj) w as harvested, dried and 
subjected to destructive distillation, and the resulting m?ss* was leached 
to remove its w^ater-.soluble constituents. The carbon residue w'as pro- 
cessed and converted into a very active bleaching agent. The water solu- 
tion was evaporated, and iodine and potash salts were recovered. The 
carbon was the most important and became the main product ; it was mar- 
keted under the name of Kelpchar and found wide application. The 
potash normally procluced was 80 per cent potassium chloride. An an- 
alysis is given in Table XIII. 

Ammonia and tar derivatives are also by-products of the process. 

Other processes were developed, and several plants were constructed 
by private concerns. The Diamond Match Company produced high- 

^ Brandt and Turrentme, U. S. Dept. Agr. Bull. 1191. 
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TABLE XII 1 .--*-Kei.p 

Potash, Fertilizer Grade.* 

Per cent 

Potassium chloride 

81.0 

Sodium chloride 

30 

Sodium sulfate 

9 .J 

Sodium carbonate 

3*5 

Water 

2.5 


* Turret! tine, Potat>h, p. 57. 

grade potassium chloride; the Swift Fertilizer Company prepared the 
thoroughly dried kelp to he used directly as fertilizer. The product con- 
tained 15 per cent of potassium oxide, and about 3 per cent of ammonia. 

An important development was that of the Hercules Powder Company,^ 
which in 1918 was cutting about three-fourths of all the kelp cut on the 
Pacific Coast, their average monthly cut in 1917 l>eing 24,000 tons. The 
plant represents an investment of about $5,000,000 and covers about 30 
acres. 

Special ocean-going harvesters were used. The kelp was macerated on 
the harvester itself and thereafter handled by ])umps. The macerated kelp 
was allowed to ferment in wooden tanks for 10-14 days. In this fermen- 
tation organic acids — acetic, butyric, propionic, etc. — were formed and 
converted to their respective calcium salts by the addition of lime. These 
went into solution along with potassium salts and other compounds re- 
leased in the breaking down of the kelp. After fermentation the liquor 
was screened and filtered. The solid matter was discarded, while the 
mother liquor, containing potassium and sodium chlorides and the cal- 
cium salts of fatty acids, was processed further. The calcium salts of 
the fatty acids and 95-98 per cent ])otassium chloride were recovered 
by evaporation and cooling. 

In 1917 and 1918 the annual crop of kelp was about 400,000 Ions ex- 
clusive of the large quantities grown in the Puget Sound and Alaska areas. 
Since raw kelp contains about 1.5 per cent of potassium oxide that pro- 
duced annually from the 400,000 tons alone would be 6,000 tons. 

Some interest in kelp has l^een shown in other lands. Industries based 
on it exist or have existed in Japan, Norway, England, Scotland and 
France. It has been made to yield a variety of products, including foods.^ 

Miscellaneous. — Residues from the manufacture of olive oil, almond 
shells, water, hyacinth roots, and banana skins have been considered as 
sources of potash. 

^ Met. Chem. Bng., 18 , 576-380 (1918). 

*/. Dept, Agr. VictortOf 18 , 498 (1920); G. M. Ryson, Chem. Age, (London)^ 15 , 390*3 
(1926); Bull. Imperial Inst., 4 , 125 (1906); W. Sijigleton, Ind, Chemist, 3 , 267*270 (1927). 
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POTASH FROM INDUSTRIAL WASTES 

Potash is present in many industrial wastes, and the recovery of such 
])otash would go far toward making the United States independent of 
foreign sources. The presence of |X)tash in a waste material, however, 
does not mean that it is feasible or profitable to recover it. Frequently 
the reverse is true. Nevertheless it is probable that much larger quan- 
tities could be recovered annually than are being recovered at present. 
Great interest was shown in this subject during the war period and much 
progress was made, but it was only natural that much of this interest 
would subside at the close of the war. 

Potash from Cement Kilns. — Conditions prevailing in cement kilns are 
almost ideal for dust pnKluction. Powdered materials are tumbled about 
in the kiln while a high velocity gas stream passes over them. If this 
dust is allowed to escape it constitutes a nuisance which becomes a fre- 
quent cause of litigation. At the larger plants as much as lOO tons of dust 
a day may be blown into the atmosphere. Besides eliminating the nuis- 
ance the recovery of this dust represents a real saving. 

It has long been known that cement dust contains jx)tash. Ross, Merz 
and Wagner' made a thorough study of the possible production of pot- 
a.sh as a by-product of cement manufacture and found that the raw mix- 
ture (consisting of limestone or other calcareous material mixed with 
clay, shale, blast-furnace slag or other argillo-silicious material ) used in 
cement plants in America contained from 0.2 to i.t 6 per cent j>otash, and 
that from 24.5 to 95.9 per cent of this was volatilized in the kiln and 
carried off by the gas stream to be lost with the dust unless means were 
taken to recover it. It was estimated that in 1917 about 90,000 tons of 
potash was escaping from cement mills annually. 

The potash content of cement mill flue dust varies wddely owing to 
fluctuation in the amount of i>otassium compounds in the raw mixture, the 
percentage of this potash volatilized, the rmornt of other dust that serves 
to dilute the potash, the method of firing the kiln, etc. In extreme cases 
the percentage of potash in the dust may be as low as 1.4 or as high as 35 
per cent. 

Potassium compounds occurring in cement dust differ widely in solu- 
bility. Considerably more than half of the potash is water soluble and 
is the portion that volatilizes and escapes from the mixture wdthout re- 
combining to form less soluble compounds in the cooler part of the kiln. 


»U. S. J>ept Agr. Bull. 672 (1917). 
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It is chiefly potassium chloride and sulfate. Most of the remainder of 
the potash, which is slowly soluble in water and readily soluble in acids, 
is reported by Ross, Merz and Wagner^ to consist of ix)tassium silicates 
resulting from recombination of the i>otassium compounds with the sili- 
cious materials in the dust. The i>ercentage of such potash is much lower 
in oil-fired than in coal-fired kilns. A small amount of the potash is in- 
soluble and consists of potassium compounds from the raw mixture that 
have passed through the kiln without decomposition. 

The method of jx^tash recovery used at any particular cement plant 
will depend in general on the dust recovery system in use. Dust recovery 
methods may be roughly classified as wet, dry, and coml^inations of these.*^ 

Wet methods, consisting of spray chambers or other means of bringing 
the dust-laden gases in contact with water, are sometimes favored when 
wet i)rocesses of concentrating the potash are to be used later. These 
methods may also be used in connection with a Cottrell electrical pre- 
ci])itator. The dry methods are usually comlnnations of settling chambers 
and electrical precipitators. 

In some installations suftKient concentration of the ]H)tash to enable the 
producer to sell the j)roduct without further i)rocessing is obtained by 
fractional dust collection; in other cases further concentration is ac- 
complished by wet methods (leaching, crystallization, etc.). Fox and 
Whittaker'^ found that the potash in cement dust could be concentrated 
to a marked extent by air elutriation, the higher percentage of potash be- 
ing present in those fractions containing the smaller particles. 

Many suggestions have been made for increasing the potash content of 
the dust, but any method that would affect the quality of the cement or 
increase the cost of its production is, of course, not to be considered, since 
cement is the primary product. Two general methods have been proposed. 
The first, a chemical method, is usually effected by taking advantage of the 
higher volatility of j)Otassium halides by adding to the raw mix a cheap 
reagent, e. g,, sodium chloride, which will displace the potassium as the 
halide. It is said that the quality of the cement is unaffected l^y such 
measures. The second method consists in choosing for the raw mix ma- 
terials that bear a higher potash content. Georgia, Illinois and Minnesota 
shales, greensand, and feldspar have been suggested for this purpose. 


* Loc, at. 

* For a more detailed discussion, see A. W. G. Wilson, Canada Dept. Mines, Mines Branch, 
Bull. 29 (1919); B. C, Karup, Chvm. Met. Eng., 95 , 316 (19J1); J. G. Dean, Ibid., 19 , 439 
(x9t8); J. W. Turrentine, Potash, pp. 141-160. 

*/. Ind. Eng. Ckent., 16 , 1044 (19.24). 
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And here again it appears that with proper precaution the quality of the 
cement would he unaffected. A combination of the two methods would 
probably result in the largest potash production. 

In common with other potash sources, cement mill potash attracted con- 
siderable attention during the war period, both here and abroad. Wilson, 
writing in 1919, lists 15 cement ])lants in the United States as being 
equipped with potash recovery equipment. With the fall of the potash 
market, most of these plants suspended operation. The Bureau of Mines 
(Mineral Resources of the U. S.) reports no cement dust potash in 
either 1926 or 1927. The writers are informed that further research is in 
progress in Federal and private laboratories. 

Potash from Blast Furnaces. — As is the case in the cement kiln, part of 
the potash that is contained in the raw materials that are used in the 
blast furnace is volatilized and carried out of the furnace by the gas 
stream to be deposited later with other dust in various parts of the 
equipment. Merz and Ross' have made a comprehensive survey of this 
problem. 

The raw materials of the blast furnace industry consist of iron ore 
(limonite, hematite, magnetite, etc.), fuel (usually coke), and fluxes (con- 
sisting mainly of limestone or dolomite). The potash content of each 
of these, based on a weighted average, is about 0.2 per cent, which is less 
than one-third as great as the potash content of the raw mix in the cement 
industry. The percentage of potash in the ores ranges from 0.04 to over 
2 per cent, but the consumption of high potash ores is relatively small. 
The total amount of potash in the ore, fuel and flux amounts, on the 
average, to 13. i pounds per ton of pig iron; of this, 8.2 pounds is lost in 
the slag, and 4.9 pounds is carried over per ton of pig iron. 

Merz and Ross estimated the loss of recoverable potash as 84,00x3 tons 
per annum, a figure that is probably low for present conditions and that 
could be greatly augmented if steps were taken to increase the proportion 
of the potash volatilized. K. M. Chance'** found in the case of several 
British blast furnaces that adding salt in sufficient quantity to volatilize the 
potash always doubled the amount of potassium compounds found in the 
gas, and frequently trebled or quadrupled it. 

Any general description of methods for collecting the dust and potash 
would follow in outline the methods used in the cement industry. It is a 


»U. S. Dept. Agr. Bull. 1226 (1924). 

*/. Soc. Chem. Ind., Z 1 , 222 T, 88 A (1918). 
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problem of dust-settling chambers, spray systems, electrical precipitators 
and other gas-cleaning apparatus.^ 

The blast furnace gases deposit their burden of dust in various parts 
of the plant in a manner governed V)y the velocity of the gas, size of the 
dust particles and other factors. This results in the potash being con- 
centrated to some extent in places where conditions are right for its de- 
position. 

As in the cement industry, many factors are involved. Since they differ 
with the locality and the particular plant, any prediction as to the future 
of potash from this source would be valueless, unless it were based on 
most careful surveys and investigation. In an emergency the blast fur- 
naces of America could ])roduce imf)ortant amounts of potash, but whether 
the practice will become general in peace times remains to be seen. At 
least two furnaces are recovering i)otash at present. 

Potash from Steffen’s Waste, — In the crystallization of sugar from beet 
molasses, a iK)int is reached where further j^roduction of sugar by simple 
crystallization is impractical although the sugar content of the molasses 
may still be as high as 50 per cent. The Steffen process is used to re- 
cover this sugar. Briefly, it consists in diluting the liquor and adding 
caustic lime ; this results in the formation of calcium saccharate, which 
is removed by filtration. This first step is carried out in cold solutions 
and recovers only part of the sugar. The remainder of the sugar is re- 
covered by treating the filtrate from the first stej) at a higher temperature. 
This gives a liquor that is practically sugar-free and is known as Steffen's 
waste. It contains about 90 per cent of the potassium present in the beet. 
The other 10 t)er cent remains in the pulj^. The discharge of this waste 
into streams or sewer systems i.s objectionable, and its disposal becomes 
a problem. 

TABLE XIV.— Appkomm.xtk Composition of Steffen’s Waste Water.* 



Per cent 

Moisture 

97.00 

Dry substance 

300 

Carbonate ash 

1. 00 

Sugar 

0.3c 

Organic non-sugar 

1.70 

Nitrogen 

0.16 

Potash (KaO) 

0.35 


* After carbonating and filtering to remove free lime. 


‘ For further discussion, see Turrentine, Potash, pp. 129- 140. 
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This waste liquor has a specific gravity of about 1.014 and contains 
about 3 per cent of solids, which consist of nitrogenous organic com- 
pounds, potassium and sodium compounds, and other bodies. The compo- 
sition of Steffen’s waste, as given bv H. E. Zitkowski,^ is shown in Table 
XIV. 

Geldard and Chase- estimated the annual production of this waste water 
as 2,500,000 tons, which on the basis of the above analysis could lie made 
to yield 8,700 tons of K./). J. R. C. Kershaw*’ quotes an estimate of 
T2,ooo tons of potash annually from Steffen's wa.ste. Not all the beet 
sugar molasses is treated by the Steffen's process so that the total K ,^0 
in the beet crop is much larger. Zitkowski, calculating on the basis of a 
6,000,000 ton beet crop, estimated it as about 18,000 tons. About 40 per 
cent of the beet sugar molasses and most of the pulp is utilized for stock 
feed, so that about one-half (40 per cent plus the 10 per cent in the pulp) 
is at present finding its way back to the land, provided efficient use is being 
made of the farm manures. In addition, some manufacturers use their 
waste Steffen’s liquor for irrigation purposes, thereby returning the 
potash to the land, but this is possible only in isolated cases and only 
about 8 per cent of the l)eet crop is so handled. 

The development of a large potash industry based on Steffen’s waste 
at present appears rather unlikely. Several processes for the utilization 
of this waste have been proposed, but they have l)een thoroughly treated 
by others'* and will not be discussed here. 

In addition to ix)tash, it is possible to produce a whole w^eries of organic 
compounds, as well as ammonium sulfate, and thereby distribute the cost. 
In Germany, the Bueb processes of destructive distillation are applied to 
the waste liquor of the strontium process for desugarizing molasses, which 
is similar in principle to Steffen’s process and by this means 5,000 tons of 
potassium cyanide and 5,000 tons of ammonium sulfate are produced an- 
nually, according to Zitkowski. 

Potash from Wool Scourings. — Much of the potassium in plants eaten by 
sheep is exuded from the skin in an oily sweat called suint or yolk. Suint 
consists largely of potassium salts of organic acids mixed with fatty sub- 
stances; it is taken up by the wool and may represent as much as one- 
third of its weight. Dioscorides, in the first century, referred to a mixture 


* /. Ind. Eng. Chcm., 9 , 692-694 (1917). 

^ Facts about Sugar, 20 , 304-307 (19^5). 

^Ind. Chemist, I, S4S (*9^S)- 

^Zitkowski, loc. cit.; Geldard, toe. ciU; Chem Met. Eng., 90 , 394-39; (1924); 22 , 193 '- <97 
(1925). Bur, Standards Cir. 14 ® {1924') t contains an exhaustive survey of the patent literature. 
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of water and wool fat, calling it oesypus. It was known hy that name 
until the middle of the seventeenth century. Roman ladies regarded it 
as a choice cosmetic and N. Culpeper’s Pharmacojxeia Londinensis (Lon- 
don, 1653) lists it as a remedy. The modern preparation ‘Xanoline” is 
made from wool fat. 

The first step in treating the raw wool is to wash or scour it thoroughly. 
The resulting liquors are very complex, containing, as they do, the natural 
wool fats and waxes, large quantities of dirt, animal exudations and ex- 
crement, and also the soaps and alkalies used in the scouring.^ These 
liquors are capable of yielding a number of important products. Veitch 
and Benedict^ have estimated that 30,cxx)-3 5,000 tons of grease, 30,000- 
45,000 tons of dirt, 20,000-24,000 tons of potash salts and 7,500 tons of 
nitrogenous matter, expressed as dried albumen, are annually contained 
in the wool scouring waste liquors of this country. 

Any successful process for the recovery of the potassium compounds 
that are now lost in wool scourings will be one which does not interfere 
with the proper cleaning of the w'ool and which will jx'rmit recovery of 
the other values ])resent in the liquor. \’eitch and Benedict also discussed 
several procedures, but it will be sufficient for present purposes to outline 
a method known as the .steeping process, w^hich has been used in England, 
France, Belgium and the United States. 

The potash salts may be removed from the wool by steeping in cold 
water without greatly affecting the grease. This is done countercurrent 
fashion, so that the liquor moves in one direction and the wool in the 
other. When the concentration becomes high enough the liquor is evapo- 
rated to about one-tenth of its volume in trijde-effect evaporators, and 
the resulting mass is incinerated in a reverberatory furnace. The product 
is a red-brown coke containing about 40 per cent of KgO, It is used in 
making fertilizers, particularly when it is desirable that the potash be 
present as the carbonate. The partially cleaned wool is then scoured by 
one of the regular processes. 

The future of potash production from this source is problematical. No 
production has been reported in recent years. 

Potash as a By-Product of the Chilean Nitrate Industry. — The average 
potassium nitrate content of Chilean nitrate as shipped is approximately 


* For a recent review of wool scouring and a 12 entry bibliography, sec H. Wennstrdm and 
C. P. Harris, Oil and Fat Jnd., 4 , No. 10, 353-356 

’Unpublished paper read before the American Institute of Chemical Engineers at Provi- 
dence, R. I. (.1925). 
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2 per cent. For the year 1918, 30.000 tons of potash (K/)) were con- 
tained in the Chilean product.^ 

In the ordinary process of leaching the caliche (crude nitrate ore) the 
potassium nitrate becomes concentrated in the mother liquor, and it is 
comparatively easy to i)roduce from this a '‘high j)otash nitrate;’’ this 
represents only a fraction of the total product, l)Ut it is sold at a premium. 
This “high potash nitrate” contains from 25 to 60 per cent potassium 
nitrate. Several plants are now producing high potash nitrates, the usual 
grade l)eing a mixture of 65 per cent sodium nitrate and 30 ]^r cent 
potassium nitrate.- It is thought that this i)roduct is marketed chiefly in 
the United States. 

C. M. Bartoir‘ estimates the amount of potash that could be produced 
annually from Chilean nitrate as 720.000 tons. Hoar states that should 
all the nitrate producers take up the work of potash recovery, the result 
would be an annual saving of 120,000 tons of actual potash, which could 
eventually be raised to 320, (XK) tons of potash (KJ)) as a by-product of 
the nitrate industry. The du Pont Company, according to Barton, has been 
able to produce 10,000 tons of 25 per cent potassium nitrate annually 
from caliche. 

Potash Lorn Distillery Waste. — In the manufacture of alcohol, molasses 
is fermented and then distilled. The residual licpior contains the potash 
and nitrogen originally present in the molasses. I'he dumping of this 
liquor into harbors and streams constitutes a serious nuisance, and for 
this reason its utilization for the production of by-products is particularly 
attractive. In at least one plant, that of the U. S. Industrial Chemical 
Company at Baltimore, Md., potash and ammonium sulfate are being 
produced from this liquor. The importance of the industry is evident 
from the fact that it ranks second only to Searles Lake as a jiroducer of 
American potash. This company is now in its sixth year of production. 

The process, as described by Turrentine, is briefly as follows: The 
waste liquor, after concentration by evaporation to the point where it will 
support its own combustion, is sprayed upward into a combustion cham- 
ber; here the remaining water is evaporated, and the solids are burned. 
The ash accumulates on the floor of the furnace, forming a sintered mass 
rich enough in potash to be marketed directly after grinding. 


* P. F. Holstein, /. Ind. Eng. Chem.^ 12, 290-29) (1920). 
^ J. H. Faust, Ihid., 19, 276-7 (1927). 

Chem. Eng., 18, 248 (1918). 
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The hot gases from the furnace are passed through dust-settling cham- 
bers and then through waste-heat boilers. A further cleaning is effected 
by Cottrell precipitators, and finally by means of an absorption apparatus 
ammonia is recovered as the sulfate. Very thorough utilization of the 
distillery waste is thus obtained. 

Table XV, showing the analysis of a comj)ositc sample of distillery- 
waste potash produced by the U. S. Industrial Chemical Company, is 
given by Turrentine. 


TABLE XV.— Composition of Composite Sample of Distillery Waste 
Potash Representing loo Carloads. 

Per cent 


Moisture at ioo° C. 0.17 

Insolu])le in acid before ijrnition 5.82 

Iron and aluminum oxides (Fe^Oa.AbOa) 6.40 

Lime (CaO) 16.08 

Magnesia (MgO) 4.80 

Manganese oxide (MnOa) Trace 

Potash (K/), sol. in dil. HCl) 34-72 

Potash (K 2 O, water .soluble) 33-88 

Total phosphoric acid (PsOs) 2.16 

Insoluble phosphoric acid (P.'Os) 0.47 

Citrate soluble phosphoric acid (available PsOs) 1.69 

Nitrogen (N) 0.30 

Equivalent NHi 0.36 

Carbonate (as CO 2 ) 8.10 

Total .sulfur (as SO3) 12.50 

Chlorides (as Cl) 8.91 


'J'he future of potash from this source is of course dependent upon 
the future of alcohol. Turrentine has estimated that all the molasses from 
the sugar crop of the Americas is equivalent to 140,000 tons of potash an- 
nually. 


THE POTASH INDUSTRY 

In this section a brief statistical review of world production and con- 
sumption of potash is given. 

The Domestic Industry. — The attempt to establish an American potash 
industry really dates from about 1911 and is largely the result of a potash 
controversy with the German interests. Surveys of various sources were 
inaugurated and are still being conducted. At the outset of the World 
War little had been done in the way of commercial exploitation, but tre- 
mendous activity immediately was aroused and practically all sources 
were utilized. Aside from a small wood ash potash industry, American 
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production dates from 1915, when 1,090 tons of pure potash was produced 
by five plants. Development thereafter was rapid. A summary of the 
industry from 1916 to 1929, inclusive, is given in Table XVI. 

TABLE XVI. — Potash Pkodtxed and Soed in the United States, 191O-1929. 


/ Numberof plniils . , Pioduction- 



Total 

Exclusive of pro- 
ducers of woexi 
ash potash 

Crude 

p« tash 

Available 
content of 
K2O 

Sales of 
K «0 




Short tons 

Short ton.s 

Short tons 

1916 

70 

25 

35739 

9.730 

9720 

1917 

95 

46 

I26,()6i 

33.573 

.32,573 

1918 

128 

77 

207,686 

54.803 

38,580 

1919 

102 

67 

116.634 

33474 

45,728 

IQ 20 

66 

49 

166,834 

48,077 

41,444 

1921 

20 

19 

25,485 

10.171 

4,408 

1922 

12 

12 

25,176 

1 1714 

11,313 

1923 

12 

12 

39,029 

20,215 

19,281 

1924 

II 

II 

43,734 

22,903 

21,880 

1925 

9 

9 

51,565 

25,448 

25 802 

1926 

7 

7 

46.324 

23,366 

25060 

1927 

9 

9 

76,819 

43,510 

49,500 

1928 



104,129 

59,910 

60,370 

1929 



107,820 

61,590 

57,540 


Exportation of potash from the United States is practically negligible, 
the gross shipments being 1,965 short tons for 1927. Imports for 1927, 
arranged by materials, is shown in Table XVII. In Table XVIIl the dis- 
tribution by countries and materials for 1927 is given. 

TABLE XVII. — Potash Materiai.s Imported eok Consumption in the 
United States — 1927 


Materials 

Approximate 
K.jO content 

Short 

ton.s 

KgO 

Short 

tons 

content — - — 

1‘ercentnge 
of total 


Per cent 




Kainite 

12.4 

1 15 345 

14.303 

6.3 

Manure salts 

20.0 

311-357 

63,271 

27.7 

Muriate (chloride) 

50.0 

183 475 

91.738 

40.8 

Sulfate 

48.6 

77,173 

37.506 

16.7 



687,349 

205,818 

91-5 

Miscellaneous potassium 





salts used in 





chemical industries* 


43,249 

19,155 

8.5 



730,597 

224,973 

100.0 

* Including 4,826 tons of crude nitrate, part of which probably was used as 

fertilizer. 

All Other potassium compounds, 

used chiefly in 

chemical industries, 

amounted to 38,349 short tons of crude salts or 17,440 short tons of K.O. 

The total consumption 

in the United States for 1927 was 825,319 tons of 


material containing 274,437 tons of K^O, Eleven per cent of this ma- 
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terial, containing i8 per cent of the KgO, was produced in the United 
States. All but approximately 5 {yer cent was used in the manufacture of 
fertilizers. 


TABLE XVIII.— Potash Fertiuzer Materials Imported into the United States 
IN 1927 (Short tons) and Countries Shipping. 

Muriate Manure 


Country 

(Chloride) 

Sulfate 

salts 

Kainite 

Nitrate* 

Belgium 

42,213 

5,948 

99.393 

20,87s 


Canada 

1,839 

142 




Chile 





4,460 

France 

i 8 ,qis 

1,818 

10,762 

12,778 

66 

Germany 

108,632 

66,815 

195.579 

80,708 

144 

Hong Kong 

i 

I 




India (British) 





56 

Netherlands 

2.594 

2,448 

5.624 

984 

100 

Spain 

9,281 






185.47s 

77.172 

311.358 

1 15.345 

4.8-i6 

KjO content 

91,738 

37,506 

62,272 

14,303 

1,930 

* Crude saltpeter, used principally 

by the chemical 

industries. 




The Foreign Industry. — Germany has led the world in potash production 
since the beginning of operations at Stassfurt and maintains that leader- 
ship today in spite of recent developments in other countries. Of the 
world’s production of potash minerals, Germany produced 80 per cent in 
1925 and 77 per cent in 1927. France produced i6 per cent in 1925 and 19 
j>er cent in 1927. These figures are on a KoO basis. The third largest 
producer is Poland with the United States ranking fourth, but each of the 
latter two nations produces only about 2 per cent of the w^orld’s total pro- 
duction of KgO. The data for Spain for 1927 are not available but her 
production was less than that of the United States for 1926, being less 
than I per cent of the world’s total (KgO basis). 

Tabic XIX will show in more detail the distribution of the world’s 
production of potash in recent years. The last normal year before the 
war (1913) is included. 


AKALTTICAL PBOCESSES 

The determination of potassium has received the attention of many 
chemists. The literature is very extensive and many methods are avail- 
able. The choice of method should be governed by several factors, among 
which are (1) the nature of the material to be analyzed, (2) the accuracy 
desired, (3) the speed required, and (4) the cost of the reagents. This 
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last factor is important because platinum compounds are frequently used. 
If possible, the analyst .should use methods that have been adopted as 
official. They have been studied carefully by many workers and they are 
designed primarily to assure accuracy. If speed is important the volu- 
metric or centrifugal methods should be considered. In cases where in- 
terfering substances are known to be absent, it is often possible to adopt 
special short methods that give sufikient accuracy. 

Methods of determining potassium are fixed primarily by two charac- 
teristics of this element. The first of these is the extreme solubility of 
nearly all potassium compounds in water. This frequently makes it neces- 
sary to remove by ]>recipitation many other elements commonly present 
before the potassium determination can be carried out and to use a special 
solvent, such as ethyl alcohol, in order to obtain proper solubility relation- 
ships. The second characteristic of imj)ortance is the great similarity of 
potassium compounds to those of the other alkali metals and to ammonium 
compounds. The latter give the most trouble and in nearly all potassium 
determinations the preliminary elimination of all ammonium compounds is 
essential. 

The methods of determining potassium are discussed under two major 
headings, qualitative and quantitative. Qualitative methods are considered 
only briefly because in analyzing fertilizer materials the absence or pres- 
ence of potassium is usually known in advance. Three methods only, 
the flame test, the cobaltinitrite method, and the sodium bismuth thiosul- 
fate method are discussed. Quantitative methods are considered in three 
groups, gravimetric, volumetric and miscellaneous methods. I'he gravi- 
metric and volumetric groujis overlap somewhat owing to the fact that 
some of the methods may be used for both gravimetric and volumetric 
determinations by making slight changes in the jirocedure. Under mis- 
cellaneous methods are discussed those not readily classified as either 
volumetric or gravimetric; the polarimetric method of Wrobel is an ex- 
ample of such a method. 

QUALITATIVE DETECTION OF POTASSIUM 

Flame Test. — convenient and effective qualitative test for potassium 
is made by dipping a platinum wire loop into a strongly acid solution of 
the supposed potassium compound and viewing through a piece of cobalt 
glass the coloration produced when it is held in the non-luminous flame of 
a Bunsen burner. The red-purple tint produced is compared with that 
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coming from a pure potash salt similarly treated. If a fertilizer sample 
gives no indication of potash when so treated it may be safely concluded 
that it does not contain any weighable quantity. 

A modification of the flame test has been proposed by Rogers^ whereby 
the approximate quantitative estimation of potassium can be made. A 
platinum loop dipped in an aqueous solution of a potash salt of definite 
concentration is subjected to a flame test along with a similar test of a solu- 
tion of a pure salt, the persistence of the flame test being used as an ap- 
proximate estimate of the potash content. 

Flame Spectrum. — The flame coloration may be examined with the 
spectroscope. At low temperatures i)otassium gives a double red line at 
769.9 and 765.5 /Aft and a faint violet line at 404.4 ft/n. At higher tempera- 
tures lines appear in the yellow at 583.2, 580.2 and 578.2 /a/a and in the 
green at 535.1 and 51 1.3 /a/a.- 

Sodium Cobaltinitrite Method.— Possibly one of the most delicate 
processes for the qualitative detection of potassium is that of de Koninck,® 
which was developed a number of years later as a quantitative procedure 
for determination of potash under the name of the cobaltinitrite process. 
As described by de Koninck, a 10 per cent sodium nitrate solution is mixed 
with some cobalt chloride and acetic acid and upon addition to ix)tassium 
chloride gives a distinct yellow precipitate with even a dilution of i to 
1000. Salts of magnesia, calcium, barium, strontium, iron, alumina and 
zinc are not precipitated. 

Sodium cobaltinitrite, Na.,(Co(NO.^),0, precipitates yellow potassium 
sodium cobaltinitrite from neutral or slightly acid solution. 

Na3(Co(N02)«) + 2KCI = K2Na(Co(N()2),) + 2NaCl. 

Ammonium salts give a similar precipitate, but moderate amounts of 
alkaline-earth elements or of lithium and sodium do not interfere. The 
solution must not be alkaline or Co (OH),, will be precipitated. 

The sodium cobaltinitrite reagent, prepared as follows, permits the de- 
tection of 0.3 mg. of potassium within 10 minutes. Dissolve 230 grams 
of sodium nitrite in 500 cc. of water and add 155 cc. of 6 normal acetic 
acid and 30 grams of cobaltous nitrate (Co(NOg)2.6H20). Let the 
mixture stand overnight, filter, and dilute to i liter. 


^ Chem. Met. Bng., 26 , i6t (iggj); C. A., 15 , 3044. 

* Treadwell and Kali, Analytical Chemistry, 4t]i ed., Vol. 1 , Qualitative, p. 8a. 
3 2 miai. Ckem., 20 , 390 (1881); Curtman, Ber., 14 , 1951 (1881). 
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If the reagent is prepared according to the following directions of 
Biilmann,^ as little as 0.0009 mg. of potassium can be detected in the 
presence of 4000 equivalents of sodium. Dissolve 150 grams of sodium 
nitrite in 150 cc. of hot water and allow the solution to cool to about 40°, 
which will cause the deposition of some sodium nitrite crystals. Add 50 
grams of cobalt nitrite cry.stals, stir rapidly, and add 50 cc. of 50 per 
cent acetic acid in small jxirtions; stopper the flask and shake vigorously. 
Pass a rapid stream of air through the liquid and then allow to stand 
quietly overnight. In the morning more or less brown precipitate will be 
found on the bottom of the flask due to a little potassium salt present in 
the sodium nitrite. Siphon off the clear liquid through a filter and add to 
the filtrate, while stirring, about 200 cc. of alcohol in small portions ; this 
causes the precipitation of the greater part of the dissolved sodium cobalti- 
nitrite. 

After several hours, filter off the precipitate and drain it as completely 
as possible with the aid of suction. Wash the precipitate four times with 
25 cc. portions of alcohol and twice with ether. Recrystallize the salt by 
dissolving 10 grams of solid in 15 cc. of water and precipitating with 35 
cc. of alcohol. The dry salt keeps very well, but the aqueous solution de- 
composes gradually. To obtain the best results, the reagent should be pre- 
pared freshly by dissolving i gram of the salt in 10 cc. of water. 

Sodium Bismuth Thiosulfate Method.- — The little known and very sen- 
sitive Pauly-Carnot reagent, sodium bismuth thiosulfate, gives in potassium 
salt solutions a crystalline yellow jirecipitate. This reagent has the advant- 
age that ammonium salts give no reaction, while strontium and barium give 
white precipitates. 

According to P. Lohr‘ the test is conducted as follows : 

Preiwtre two solutions, the first by dissolving 24.8 grams of sodium thiosulfate 
in 50 cc. of distilled water, and the second by dissolving 9.73 grams of basic bismuth 
nitrate in the least possible amount of hydrochloric acid and then making up to 
50 cc. with very dilute hydrochloric acid. Dissolve i gram of the salt to be tested 
in a test tube with distilled water, place i cc. of this solution in another test tube, 
and dilute with water. To- 1 cc. of this second solution add 5 drops of thiosulfate 
solution and then 5 drops of bismuth chloride. (Do not make these additions in 
the reverse order.) Dilute this mixture with 2 cc. of distilled water. (This should 
result in a clear, bright yellow solution.) Add quickly with shaking 20 cc. of 
absolute alcohol; if the smallest amount of potassium is present, a yellow crystalline 
precipitate will form. The color is that of yellow potassium chromate. 

^Z. anaL Chem,, 39 , .eS4 (1900). The translation is that given in Trcadwell-Hall. 

*L. Tictjens, Laboratonumsbuch fur die Kaliintiustnc, 1924, p. 22. 

^Z. offeniL (hem,, 10 , 421, 439 
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It should be noted that this precipitate appears very quickly ; yellow and white 
turbidities appearing later are to be ignored. It is characteristic that the potassium 
salt comes down as a clear yellow' and cryslalline precipitate only when it is present 
in excess. 

(For other methods the reader is referred to the standard works on qualitative 
analysis.) 


QUANTITATIVE METHODS 

Preparation of Solution. — In accordance with the fertilizer control regu- 
lations of the several states of the union and of the regulations in use in 
the various countries exercising fertilizer control, only the potash soluble 
in water is taken into account in reporting the results of fertilizer analysis. 

In a number of countries, including the United States, the potash is 
brought into solution by boiling the sample with hot water, or it is washed 
with a number of successive portions of boiling water, as is the procedure 
in the methods of the Association of Official Agricultural Chemists ; in a 
number of other countries solution is effected by means of cold water. In 
any event, the cooled solution is made up to the mark, and the contents are 
well mixed before proceeding. 

In the case of the Lindo-Gladding process, an excess of ammonium 
hydroxide and ammonium oxalate solution is added to the hot solution, 
and the liquid is cooled before diluting the volume to the calibration mark. 

Destruction of Organic Matter. — Direct Ignition . — The simplest and 
most direct method for destroying organic matter is by direct ignition. 
The incineration may be conducted in the oj)en air or in a muffle, the tem- 
perature being kept as low as possible ; in no ca.se should a low red heat be 
exceeded. Burning in a muffle is preferred because only a moderate draft 
is produced and a more even heat can be maintained. If a diffused flame 
is used to avoid local overheating excellent results can be obtained in an 
open dish or one partly closed with a lid. In using a muffle the heat should 
be only great enough to secure combustion and the even and uniform tem- 
perature that may be maintained by the use of the electric muffle furnace 
strongly commends the use of this source of heat. 

Ignition with Sulfuric Acid . — Sulfuric acid may be used to secure better 
incineration. By this procedure the bases, which by direct ignition are 
usually secured as carbonates, are obtained as sulfates. The method 
adopted by the Association of (.)fficial Agricultural Chemists specifles that 
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the sample be saturated with sulfuric acid and ignited in a muffle until 
all organic matter is destroyed. If the ash is moistened when cool with a 
little hydrochloric acid and warmed, it is more easily detached from the 
dish. The solution is completed with the addition of water and the re- 
quired reagents before the volume is finally made up to the mark. This 
method has several advantages over the direct ignition method. For ex- 
ample, if potassium chloride is present in the ash, the danger of loss of 
jiotash from volatilization is lessened by the sulfate process. Moreover, 
in this method there is not so much danger of occluding particles of carbon 
in the ash as there is in the direct ignition method. 

Blumenthal, I^eter, Healy and Gott^ have made a study of the most fav- 
orable conditions for ashing organic materials and make the following 
statements : 

( 1 ) The most common source of loss is by spattering and volatilization in 
removing organic matter and ammonia salts. 

(2) Burning off carbon in a muffle furnace leads to more uniform results than 
direct heating over a free flame. 

(3) Converting the potassium salt to sulfate reduces volatilization losses. 

(4) Moistening the sample with sulfuric acid is not sufficient; enough sulfuric 
acid should be added to act as an oxidi/er for carbon and to concert all inorganic 
compounds present to sulfates. 

(5) Direct evaporation of the sample with nitric and sulfuric acids, pre- 
liminary to burning off organic matter, has proved the best method of securing 
uniform results and has materially reduced volatilization losses. 

Moist Combustion . — Errors ari.sing from the volatilization of potassium 
salts or mechanically from spattering when igniting to destroy ammonium 
salts and organic matter may be quite large. These errors are avoided in 
the de Roode- method and in the modifications of Moore, Veitch^ and 
Keitt and Shiver'^ by digesting with aqua regia instead of igniting. Keitt 
and Shiver claim that large amounts of ammonium salts and organic 
matter can be eliminated by their procedure (p. 383) and that the method 
is satisfactory for fertilizer materials in general. They recommend evap- 
orating twice with aqua regia. 


*/. Ind. Bng. Chem., 9, 753 (i9»7)* 

*/. Am. Chem. Soc., 17 , 86 (1895). 

^ibid., ao, 343 (1898). 

* lotd., 27 , 56 (1905)* 

'■/. Ind. Bny. Chem., 10 , 219 (19*8); 11 , 1049 
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Gravimetric Methods 
chloroplatinate: methods 

Im*olviny the Direct Weighing of Potassium Chloroplatinate} — The 
method of Lindo- consists in obtaining a solution containing only the 
chlorides of sodium and potassium^ converting the chlorides into chloro- 
platinates by evaporating nearly to dryness with sufficient chloroplatinic 
acid and adding strong alcohol. Sodium chloroplatinate dissolves and is 
separated from the potassium chloroplatinate by filtration. The potassium 
salt is washed with alcohol, dried, and weighed. This method with some 
changes forms the present alternative method of the A.O.A.C. and is 
official in several foreign countries. The detailed procedure is given in 
Methods of Analysis, A.O.A.C. 

In this method it is necessary that all sulfate be carefully removed be- 
cause of the slight solubility of sodium sulfate in alcohol. Even when 
sufficient chloroplatinic acid is used to combine with both the sodium and 
the potassium, the less soluble sodium sulfate is still precipitated and con- 
taminates the potassium chloroplatinate precipitate. It is difficult to secure 
a potassium chloroplatinate precipitate that is all K^PtClg. It may con- 
tain some compounds such as H2ptCL,OH or H2ptCl40, and probably 
also a little sodium chloride. Errors arising from such contamination 
have been partially compensated in some modifications of the method by 
the use of 80 per cent alcohol instead of the very strong alcohol. Potas- 
sium chloroplatinate is more soluble in the weaker alcohol and this negative 
error compensates the positive error, due to contamination of the pre- 
cipitate, quite satisfactorily in many cases. Some authorities [)refer to 
wash with 96 per cent alcohol and calculate the results, using a factor de- 
termined experimentally by the analysis of known mixtures. This is 
satisfactory if the conditions of the analysis are similar to those under 
which the factor was determined. 

Volatile acids, organic comiX)unds, ammonium salts, etc., are most easily 
eliminated by ignition, but potassium chloride, if present, will also ]>e vola- 
tilized unless the ignition is carefully done below a red heat. Potassium 


^ The compound H^PtCl^ is often called platinum chloride, but the term chloroplatinic acid 
is preferred since platinum chloride is really PtCl^. The latter compound precipitates potassium 
only after long standing, if at all. Treadwell and Hall (Analytical Chemistry), Hillebrand and 
I<undell, (Applied Inorganic Analysis, 1929), Mellor (Quantitative Inorganic Analysis) and others 
prefer the terra chloroplatinic acid and the corresponding term for the potassium salt, potass’um 
chloroplatinate. These terms are used in this chapter except in direct quotations that contain 
the other forms. 

*CAem. hews, 44 , 77, 86, 97 and 129 (1881). 
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sulfate, however, is not easily volatilized and it would be advantageous to 
convert the potassium to the sulfate if the error due to sodium sulfate, 
mentioned above, did not prevent such a procedure. Gladding^ avoided 
this difficulty by washing the sodium sulfate out of the precipitate, after 
the removal of the excess chloroplatinic acid, by a water solution of am- 
monium chloride in which the sodium sulfate is quite soluble. To avoid 
loss of potassium chloroplatinate the wash liquid is previously saturated 
with the j)ure salt. It is important when using this procedure that the 
ammonium chloride wash be saturated with the potassium salt at the tem- 
perature at which the analysis is carried out, since otherwise some potas- 
sium chloroplatinate may be adde<l to the precipitate or some of the pre- 
cipitate may be dissolved. The Gladding modification of Lindo^s process, 
with some refinements introduced later, is the official method of the 
A.O.A.C. It was first adopted as official in i<S 87 . 

In the de Roode method, as already stated, ignition to destroy organic 
matter is entirely avoided. Moore’s^ modification of this method was 
tested by Veitch- on a wide variety of fertilizer materials with good re- 
sults. 

Keitt and Shiver- claim good results with a modified de Roode method in 
the presence of ‘‘any amount of ammonium salts, organic matter, nitrate 
of soda or phosphatic material that will be used in a manipulated fertilizer, 
or that may be present in natural fertilizing materials.^’ The procedure of 
this method, which is similar to that of Moore’s, is as follows. 

Place 10 f^rams of the material to be analyzed in a 500 cc. flask, add 300 cc. of 
water, boil 30 miniiles, cool, make up to the mark, mix thoroiij’hly, and filter through 
a dry filter paper, discarding the first few cubic centimeters of filtrate. Place a 50 cc, 
aliquot of the filtrate in a thin porcelain dish and add 30 cc. of aqua regia after 
putting the dish on a hot plate. Evaporate to dryness, add 30 cc. of aqua regia, 
and again evaporate to dryness; take up the residue with a little hot water, add 
10 cc. of concentrated hydrochloric acid, and again evaporate to dryness. Take up 
the residue with hot water and add chloroplatinic acid solution. Evaporate almost 
to dryness, remove from the water bath, and by gentle swirling cover the dried 
portion with the part still liquid and evaporate a little more. Cover the precipitate 
with acidulated alcohol (prepared by adding 75 cc, of concentrated hydrochloric 
add to 1000 cc. of 95 per cent alcohol and then passing in dry hydrochloric acid gas 
until I cc. of the alcohol neutralizes 2.25 cc. of normal alkali, using phcnolphthalein 
as an indicator) and allow to stand for an hour, thoroughly breaking up the pre- 
cipitate with a policeman. Wash the precipitate with acidulated alcohol until the 
washings are colorless, pouring the washings through a tared filter paper. Trans- 


14 


»IT. S. Dept. Agr. Chem, Bull., 7, p, 38 (1885). 
cit. 



3^4 


AORICULTURAL ANALYSIS 


fer the precipitate to the filter, wash at least seven times with ammonium chloride 
wash (prepared by adding 200 grams of ammonium chloride to 1000 cc. of water 
and saturating in the cold with potassium chluroplatinate) and five times with 80 
per cent alcohol, dry, and weigh. 

This procedure requires no platinum dishes and eliminates the precipitations 
required in the Lindo-Gladding jirocess. 

Involving the reduction of the precipitated potassium chloroplatinate , — 
When analyzing complex materials it is frequently better to reduce the 
potassium chloroplatinate and weigh the metallic platinum. The pre- 
liminary purification of the solution to be analyzed is much simpler when 
the chloroplatinate is to be reduced and usually it is only necessary to re- 
move ammonia and organic matter. Platinum is an ideal precipitate be- 
cause it can be ignited or treated with strong acids (except aqua regia) 
without danger of loss or decomposition. The weight of the platinum, 
however, is less than one-half that of the chloroplatinate, and losses during 
washing or otherwise are therefore more important. Many methods in 
which metallic platinum is weighed have been suggested. 

The process of Corenwinder and Contamine,' specifying sodium for- 
mate as the reducing agent, has been used to a considerable extent in 
Europe. It is given in full among the Spanish official methods. 

Neubauer’s^ modification of Finkener’s process (for details see German 
official methods, p. 428) is used rather widely. The reduction is accom- 
plished with hydrogen or illuminating gas. 

A simple reduction method is that recommended by Hilgard.'^ The 
potassium chloroplatinate is reduced in a crucible, the lower half of whose 
interior is covered with a film of platinum sponge formed by the previous 
ignition of about a decigram of potassium chloroplatinate. In the pres- 
ence of this sponge the decomposition is eflfected readily even at a com- 
paratively low heat. About two drops of hydrochloric acid are added to 
the crucible when cool, and if after gentle warming a yellow color appears, 
a little oxalic acid is added and the ignition is continued. By washing 
with acidified water, soluble substances are removed. 

A novel departure from the more common reduction processes is pro- 
posed by Bomtrager,^ whereby the reduction of the solution of platinum 
double salt is effected by a potash soap solution. The mixture of double 
salt and platinum oleate is ignited in a porcelain crucible and washed with 
hot water. 

' Bull. Soc. Ind. du Nord, 1879. 

* 2 . anal, Chem., 39 , 481 (1900). 

^Ibid., 32 , 184 (1893); Chem. Soc., 34 , pt. 2, 300 (1893). 

* Ibid., x88 (1893). 
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Jean and Trillat^ propose that the purified double salt be dissolved in 
water, made alkaline with sodium hydroxide, warmed and reduced with 
formaldehyde. 

Villiers and Borg* pro])ose washing the ])otassium chloroplatinate with a 
mixture of alcohol and ether, dissolving the precipitate in hot water, 
adding a little pure hydrochloric acid, and reducing with finely divided 
magnesium, which is added gradually. After washing, the reduced plat- 
inum is ignited and weighed. 

Sonstadt'^ })roposes the reduction of the potassium chloro}:)latinate by 
means of metallic mercury ; a small excess of the latter is placed in a small 
jx)rcelain crucible and the chloroplatinate is then added. Heat is applied 
gently for some time and then the temperature is raised high enough to 
drive off the excess of mercury. The author states that the reaction is 
very delicate — i jiart in 3,000,000. 

Among the chemists who suggest the reduction of the aqueous solution 
of the double salt by means of metallic magnesium are the following: 
Atterberg, Z. anal. Chem , 51, 483 (1912) ; Fiechter, Z. anal. Chcm., 50, 
629 (1911); Crete, Client. Zig., 34, 1040 (1910); de Koninck, Z. anal. 
Chcm., 21, 406 (1882) ; Ledoux, BiilL sac. chim. Bclg., 28, 31 (1914). 

Hicks, ^ who studied the reduction method, comments as follows : 

The method is apidicahle in the presence of chlorides, sulfates, phosphates, 
nitrates, carbonates, borates and silicates, salts of sodium, barium, calcium, stron- 
tium, magnesium, iron and aluminum, and is especially suited for the estimation of 
potassium in potassium salts, salines and mixed fertilizers in which only the quan- 
tity of potassium is desired, and also in organic fertilizers after an appropriate 
modification to remove ammonia and other organic bases which interfere with the 
determination. 

The method used by Hicks follows: 

Prepare the solution in the usual way, acidify slightly with hydrochloric acid, 
add chloroplatinic acid solution slightly in excess of that necessary for the com- 
plete precipitation of the potassium present, and evaporate the solution on the 
steam bath to a sirupy consistency, t. r., until solidification occurs on cooling. 
Flood the cooled residue with a small quantity of alcohol of at least 80 per cent 
strength, grind thoroughly with a pestle made by enlarging the end of a glass rod, 
and allow to stand one-half hour. (The alcoholic solution should be colored if an 
excess of chloroplatinic acid has been used.) Pour the liquid through a small 

^ Bull. soc. chim., 7 (3), 228 (1892), 7 . Chcm. Soc,, 46 (1893). 

^ Contpt. rend., 116 ^ 1524 (1893). 

'*/. Chem. Soc., Trans., 67 , 984 (1895) 

*J. Ind. Eng. Chcm., S, 651- (1913). 
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filter, using suction, and before adding more alcohol rub up the residue again with 
the pestle. Now continue the washing by decantation with small portions of alcohol 
until the wash liquid becomes colorless. (Three or four washings usually suffice.) 
Transfer the precipitate to the filter and wash two or three times with alcohol. 

. Dissolve the precipitate in hot water, washing it through the filter into a beaker 
of convenient size. To the hot solution add about i cc. of concentrated hydrochloric 
acid and approximately 0.5 gram of magnesium ribbon (which has been prcviou.sly 
washed in water) for every 0.2 gram* of potassium present, stirring the solution 
and holding the magnesium at the bottom of the beaker by means of a glass rod. 
When the magnesium has practically dissolved, add a few cubic centimeters of 
dilute hydrochloric acid and allow the flocculent platinum to settle. The super- 
natant liquid should be perfectly clear and limpid like water if reduction is com- 
plete. To make sure add more magnesium, in which case the solution will darken 
if reduction be incomplete. Now add concentrated hydrochloric acid and boil to 
dissolve any basic salts, filter, wash thoroughly with hot water, ignite, and weigh. 
From the weight of platinum thus obtained calculate the percentage of potassium. 

Horsch* commends the following reduction process: 

The chloroplatinate is dissolved in boiling water and transferred to a 
platinum crucible, where it is reduced by alcohol on the boiling water bath ; 
more alcohol is added and the heating is repeated. 

Schumm * propo.ses the electrolytic reduction of the water solution of the 
double salt, the platinum being deposited upon the interior of a platinum 
crucible. 

Finkener,^ in 1886, was ])robably the first to use a reduction meth(xl. 
He did not weigh metallic platinum but reduced the potassium chloro- 
platinate by igniting in hydrogen, extracted the residue with water, and 
weighed the potassium chloride. 

Sources of Error. — In most gravimetric procedures the precipitate to be 
weighed is thrown down from a comparatively large amount of solution 
which retains the other dissolved substances. All the important methods 
of determining potassium, however, arc extraction methods, that is the 
potassium precipitate is obtained by evaporating wdth the precipitating 
agent. The resulting mass of salts, which consists of ever)rthing that was 
in the solution, is then extracted with wash liquids to dissolve everything 
but the potassium salt. Impurities which cannot l)e satisfactorily re- 
moved by extraction must be separated by precipitation previous to pre- 
cipitating the potassium. This provides opportunity for adsorption or 


* Fiechter, Z. anal. Chenu, BO, 632 (1911). 

^ Contpt. rend.j 168 , 167 (.1OJ9); ). Chem. Soc., 116 , pt. 2, n8 (1919). 

* Z. anal. Chem., 40 ^ 385 (igoi). 

* Fogy, ann., 9 , 637 (1H66). 
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occlusion of the potassium by these precipitates. Keitt and Shiver^ made 
a study of the occlusion of potash by the precipitates formed on the addi- 
tion of ammonia and ammonium oxalate in the Undo-Gladding method. 
They found that it was impossible to w.ash the occluded potash out of the 
precipitate with hot water but that it could be recovered to a certain 
extent by repeatedly dissolving the precipitate in hydrochloric acid, dilut- 
ing to a large volume, precipitating with ammonia and ammonium oxalate, 
filtering, and determining potash in the filtrates and washings. Errors 
due to occlusion by precipitates are not serious under average conditions. 

Water-soluble potash in fertilizers was formerly determined by boil- 
ing the sample for some time with water and then allowing the solution to 
stand before finally making the solution up to the mark. It was contended 
that occlusion under these conditions took place to a marked extent and 
that potash could not be completely dissolved out of the fertilizer. Ex- 
periments having shown that a smaller sample, subjected to frequent wash- 
ings on the filter with boiling water, would give up its potash more readily, 
the official method of the A. O. A. C. was so modified in 1912 as to pro- 
vide for the latter method of effecting the solution. 

W’inton observed a distinct difference in the crystals of potassium chlor- 
of)latinate when obtained from concentrated and dilute solution.^ When 
chloroplatinic acid is added to a concentrated solution of potassium 
chloride, a large part of the salt which is formed is precipitated in a 
pulverulent state, the remainder l)eing deposited on evaporation. After 
being treated with alcohol, filtered, and dried, the double salt is found in 
the state of a fine iX)W’^dcr which, when examined under the microscope, 
is found to consist largely of radiating crystals. The characteristic form 
is one having six arms formed by the intersection, at right angles, of 
three bars. Numerous globular cavities in the crystals are observed in 
which mother liquid is enclosed. For this reason the vSalt is not easily 
dried at 100^ C., and when so dried loses additional moisture at 130®, and 
still more at 160*^. The total additional loss from this cause, after drying 
at 100® may amount to as much as 0.6 per cent of potassium chloride. 
When, however, the solution of the potassium salt is so dilute that no pre- 
cipitate at all is formed on the addition of chloroplatinic acid, the double 
salt is formed slowly during the evaporation. It occurs exclusively as 
octahedra. These octahedra are comparatively free of cavities, and they 
give up practically all their moisture w^hen dried at 100^. 


Ind. Hng. Chem,, 10 , 994 (1918). 
»/. Am. them. Soc,, 17 , 453 (i89s)> 
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111 several procedures the solution is made uj) to volume without re- 
moving the precipitates formed in the preliminary treatment of the solu- 
tion. If the amount of such precipitates is large, an api)reciablc error is 
caused by their volume. 

In the manufacture of mixed fertilizers it sometimes happens that the 
analysis of the completed product does not show as much water-soluble 
potash as should be expected. This is most likely to occur after pro- 
longed storage of the mixed fertilizer and is probably due to the slow 
formation of insoluble potassium compounds. Sui)er phosphate usually 
contains 1-2 per cent of fluorine in the form of hydrofluosilicic acid and 
reactive fluosilicates. It has been suggested that the decrease in water- 
soluble potash noted when mixtures containing potash and superphos- 
phate are stored may be due to the formation of potassium fluosilicate, 
which is comparatively insoluble.^ 

Recovery of Platinum from Residues and Scraps and the Preparation of 
Chloroplatinic Acid. — Platinum is the most expensive reagent ordinarily 
used in fertilizer laboratories. The amount required in each analysis 
varies, but it may be as much as 0.3 gram ; it is imj)ortant, therefore, to col- 
lect all platinum residues and scraps and work them up periodically to pre- 
pare metallic platinum or platinum solutions. 

(i) Preparation of Chloroplatinic Acid from Metallic Platinum . — 
Iridium is usually contained in commercial metallic platinum. Although 
normally insoluble in aqua regia it is soluble to some extent in that reagent 
when alloyed with platinum. When platinum dissolves in aqua regia to 
form chloroplatinic acid some chloroplatinous acid (H2PtCl4) and some 
nitroso platinic chloride (PtClfi(NO)2) are formed at the same time. 
Both these impurities and the iridium must be carefully eliminated be- 
cause their presence causes inaccurate results in the potash determination. 
Proceed as follows : 

Clean all pieces of metallic platinum by boiling with concentrated hydrochloric 
acid and washing with water. Place the cleaned platinum in a large flask, cover 
it with concentrated hydrochloric acid, and add successive small portions of nitric 
acid while heating gently on a water bath. All the platinum is dissolved but part 
of the iridium remains undissolved as a black pow^der. Decant the solution into a 
large evaporating dish and evaporate to a sirupy consistency. Take up the residue 
with water, add sodium formate and .sodium carbonate gradually until the solution 
is alkaline^ and heat to boiling. Care should be taken that the evaporating dish is 
onlv jiartially filled with solution in order to avoid loss of platinum by the sudden 
and violent evolution of carbon dioxide that frequently occurs. (The platinum and 
* Private communication from K. D. Jacob, U. S. Bur, Cbem. and Soils. 
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iridium arc deposited as black powders.) Decant the supernatant liquid, and wash 
the residue several times with dilute hydrochloric acid to remove the sodium salts 
and then with water to remove the acid. Dry the residue and ignite strongly in a 
porcelain crucible over a blast lamp (this renders the iridium insoluble in aqua 
regia) and weigh. Dissolve as before in hydrochloric and nitric acids at the lowest 
possible temperature. Evaporate with water to convert any nitroso plalinic chloride 
formed into chloroplatinic acid: PtCle(NO)2 -j- H2O = NO f -f NO2 f -f HaPtCU. 
(Some nitric and nitrous acids are formed from the oxides of nitrogen and these 
cause the re-formation of some nitroso platinic chloride.) Evaporate alternately 
with hydrochloric acid and with water until no more nitrous fumes are evolved, thus 
completely eliminating the nitn)so compound. 

Dittmar and McArthur^ doubt if it is possible to destroy all the nitroso 
platinic chloride by this procedure. They recommend dissolving the metal 
with hydrochloric acid and chlorine. Noyes and Weber® emphasize the 
importance of removing nitric acid from the platinum solution. The 
solution resulting from the evaporation with water and with hydrochloric 
acid is brown and contains some chloroplatinous acid w^hich must be 
oxidized to chloroplatinic acid as follows; 

Saturate the warm solution with chlorine gas, causing it to become much lighter 
colored, and evaporate to a sirupy consistency. Cool, dissolve the resulting yellow- 
ish brown crystalline mass in a little cold water and filter off the insoluble iridium. 
Ignite the iridium in a porcelain dish, cool, weigh, and deduct from the previous 
weight of the mixture to obtain the weight of the platinum. Dilute the filtrate with 
water until 100 cc, of solution contains 10 grams of platinum. 

Tietjens® and Metge* recommend that the precipitated platinum be boiled 
with concentrated nitric acid, in addition to the hydrochloric acid washings, 
before being dissolved in aqua regia. The evaporation of the platinum 
solutions is continued until a drop removed on a glass rod solidifies, Plat- 
inous compounds may be converted to the platinic state by heating with 
fuming hydrochloric acid and a little nitric acid. Both platinous and 
nitroso compounds may be destroyed more quickly by the addition of pure 
hydrogen peroxide solution prior to the final dilution to the desired 
strength. Iridium may be removed by addition of ammonium chloride to 
the solution containing platinum and iridium. Insoluble ammonium 
chloroplatinate precipitates, leaving the iridium in solution. The precipi- 
tate will be contaminated with iridium if the iridium is present in the 

‘ Trans, Roy. Soc. Edtn., 33, ii., 561 (1887), 

*/. Am. Chem. Soc., 30, 13 (1908). 

’ Laboratoriumsbuch fur die Kalimduj»trie, and ed., 1924. 

* Laboratoriumsbuch lur Agriculturchemiker, and ed., 1926. 
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quadrivalent state. Even in the trivalent state the separation is not clean 
cut and should be rejHjated several times.^ 

Hillebrand and Lundell- state that the best method of dissolving plat- 
inum black is the electrolytic procedure of W’eber.** This method requires 
the following special apparatus. (Fig. 2). 



Fig. 2 , — Apparatus for Making Pure Chloroplatinic Atid. 

A cylindrical tube about 4 era. in diameter and 35 cm. long, ends in a narrow 
glass tube of about 4 ram. bore, which is given the form of a siphon. An anode of 
thin sheet platinum, perforated with numerous small pinholes, just fits into the 
tube and rests firmly on the glass beads which fill the bottom of the large tube. 

* Private communication from R. Gilchrist, U. S, Bur. Standards. 

•Applied Inorganic Analysis, P- 39* 

•/. Am. Chcni Soc., 30 , ag (1908). 
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A platinum wire is welded to the anode, scaled through the side wall of the large 
tube and then into the end of a narrow tube that is filled with mercury to make 
the anode connection for the current. A cathode chamber consisting of a porous 
porcelain filter about 18 cm. long and 25 mm. in diameter is suspended from three 
notches pressed into the wall of the large tube. The cathode consists of a sheet 
of platinum 4-5 cm. long and 2->3 cm. wide, to which is welded a platinum wire. The 
wire is sealed into the end of a glass tube and serves as the cathode connection 
for the current. The whole cathode assembly is supported in the cathode chamber 
by a perforated watch-glass through which the tube carrying the platinum wire 
passes. The watch-glass also serves as a cewer for the apparatus. 

The platinum is placed on the anode plate and here washed with hydrochloric 
acid until clean, the w^ash-w'aters being drawn off through the siphon-shaped tube. 
The large tube is then filled with concentrated hydrochloric acid until, with the 
cathode chamber inserted, the acid stands more than half way to the top of the 
cathode chamber. The porous cylinder is then inserted, filled to the top with 
hydrochloric acid and the cathode inserted. A current of 8-10 amperes may be 
passed from 110-120 volt direct current source, a lamp bank or a rheostat being 
used for control. If the cell heats, it may be cooled by placing in water. With the 
proper adjustment of the height of hydrochloric acid in the anode cell, the heavy 
layer of chloroplatinic acid is delivered at S, drop by drop. If towards the end 
of the operation, when the platinum is nearly all dissolved, small bubbles of chlorine 
appear, fresh acid should be brought into the neighborhood of the platinum black 
or the ctirrent should be decreased. The action of the cell is quite rapid. Using 
a current of 8 amperes, Weber dis.soIved 64 grams of platinum in 4^ hours. 

In concentrating the .solution of chloroplatinic acid after it is prepared, chlorine 
is passed through it for a time to remove any platinous comi)Ounds that may have 
been f(»rmed during the electrolysis. This procedure yields a solution free from 
nitrosoplatinic acid, platinous acid and hydroxychloroplatinate, all of which are 
objectionable. 

(2) Preparation of Chloroplatinic Acid from Platinum Residues . — 
Platinum rcticluc.s in fertilizer laboratories consist of potassium chloro- 
platinate precipitates and alcoholic wash-waters. When the latter are 
allowed to .stand platinum black preeijntates slowly and acetone is formed, 
which renders the alcohol unfit for further use and difficult to purify. The 
following procedure descrilied by Hough’ jx^rmits the recovery of both 
the alcohol and the platinum. 

Add ammonium chloride crystals to the alcoholic filtrate immediately after the 
analysis, using i gram of crystals for each 300 cc. Mix well, allow to stand until 
clear, and filter. Allow the filtrate to accumulate until sufficient is obtained for 
rectification and then distil off about three-fourths of the liquid. (The distillate will 
be 83-85 per cent alcohol, which is suitable for re-use in the Lindo-Gladding method.) 
Add the potassium chloroplatinate residues to the ammonium chloroplatinate ob- 
tained above, dissolve in hot water, add a few cubic centimeters of hydrochloric 
* /nd, Bng. Chem. Anal., ed., I, 162 (1920). 
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add (1+2), heat to boiling, and reduce by adding magnesium powder gradually 
until a small excess is present. When the precipitation of the platinum is complete, 
add slowly sufficient concentrated hydrochloric acid to dissolve the excess mag- 
nesium, boil several minutes, filter off the platinum, and wash well. Prepare the 
chloroplatinic acid solution as described under “Preparation of chloroplatinic acid 
from metallic platinum.” Iridium is not present if it was properly eliminated when 
the original solution was made up from metallic platinum. 

According to Treadwell and Hall,^ when an alcoholic solution of chloro- 
platinic acid is evaporated, chloroplatinous acid and ethylene are formed. 
These react to form ethylene platinous chloride, which does not precipitate 
either ammonium or potassium. When the solution of this compound is 
evaporated it is changed into an insoluble substance that is explosive when 
dry and only decomposed by strong ignition. 

Metge^ recovers the platinum in the residues and washings as follows : 

Dilute the alcoholic washings wdth about one-third their volume of water, add 
sodium carbonate or bicarbonate and the chloroplatinate residues, and heat on a water 
bath until the liquid above the platinum black is clear and only slightly yellow. (Any 
barium sulfate present in the chloroplatinate residues will be converted to carbonate 
by this procedure. Unless the barium carbonate and sodium sulfate are completely 
washed out, barium sulfate will be re-formed later when acid is added and a small 
amount will remain dissolved in the chloroplatinic acid solution.) Boil the reduced 
platinum with water to dissolve the sodium sulfate and barium carbonate, decant, 
and wash several times by decantation with hydrochloric acid and water; ignite to 
destroy organic matter, boil once with concentrated nitric acid, decant, and prepare 
chloroplatinic acid as described above under “Preparation of chloroplatinic acid 
from metallic platinum.” 

Tietjens*** reduces alternately with zinc. Treadwell and Hall and 
Mellor^ distil the alcohol from the washings, take up the residue with 
water, add the potassium chloroplatinate residues, and reduce at boiling 
temperature after adding a solution consisting of 21 grams of sodium 
hydroxide and 8-10 cc. of glycerine in 100 cc. of water. 

A good test of the platinum solution is described by Tietjens*^ and by 
Metge^ as follows : 

Dissolve 7-640 grams of pure potassium chloride and about 1.2 grams of pure 
sodium chloride in distilled water and make up to 500 cc. Determine the potassium 

^Analytical Chemistry, Vol. I, 5th ed., p. a86. 

^ Loc, ciL 

^ Loc. cit. 

^Quantitative Inorganic Analysis, 1913. 
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in this solution. If the theoretical value is obtained, the solution may be assumed 
to be satisfactory. The addition of sodium chloride is necessary since small quan- 
tities of sulfates present in the platinum solution might otherwise be overlooked 
and later cause high results. 


TABLE XX.* — Density and Percentage of Platinum in Aqueous Chloro- 
PLATiNic Acid Solution at 15°. 


Density 

Platinum 

Density 

Platinum 

Density 

Platinum 


Per cent 


Per cent 


Per cent 

I.OOQ 

0.579 

1. 118 

10.42 

1.450 

20.26 

I.O18 

1.158 

1. 201 

II.OO 

1.469 

20.84 

1.027 

1.737 

I.214 

11.58 

1.488 

21.42 

1.036 

2.327 

1.227 

•12.16 

1.500 

21.99 

1.046 

2.895 

1.242 

12.73 

1.523 

22.57 

1.056 

3.474 

1.256 

13.31 

1.546 

23.15 

1.066 

4.052 

1.270 

13.90 

1.568 

23.73 

1.076 

4.630 

1.285 

14.47 

1.591 

24.31 

I.O^ 

5.209 

1.300 

15.05 

1.615 

24.^ 

I.OQ 7 

5.788 

I.315 

15.63 

1.641 

25.48 

1. 108 

6.367 

1.330 

16.21 

1.666 

26.05 

I.II9 

6.946 

1.346 

16.79 

1.688 

26.63 

1. 130 

7525 

1.362 

17.36 

1.712 

27.20 

I.I4I 

8.1 IS 

1.387 

17.94 

1.736 

27.78 

1153 

8.683 

1.395 

18.52 

1.760 

28.36 

1.165 

9.262 

I.413 

19.10 

1.785 

2894 

1.176 

0.840 

I.43I 

19.60 



* Tietjens, LaUoratoi iumshuch fur <Ue Kalimdustnc 


Alcohol . — In the tvi^o important methods of determining potassium, the 
chloroplatinate and perchlorate methods, an ethyl alcohol wash is used to 
free the potassium precipitates from other chloroplatinates or perchlorates 
and from other compounds soluble in alcohol. For the chloroplatinate 
method some authorities use 80 per cent alcohol while others specify 96 
per cent (see p. 383). According to Precht^ one part of potassium chloro- 
platinate dissolves in 37,300 parts of 96 per cent alcohol, or in 26,400 
parts of 80 per cent alcohol. Since the solubility of potassium perchlorate 
increases rapidly with increasing dilution, the wash alcohol for the per- 
chlorate method must always be 96 per cent or stronger. Table XXI shows 
the amount of potassium perchlorate dissolved in 100 cc. of alcohol of 
various strengths. 

In both methods the alcohol is often previously saturated with the potas- 
sium salt to be washed in order to reduce the losses due to the solvent 
action of the alcohol. Other reagents may be added for this purix)se or 
to improve the washing action of the alcohol. 


a»a/. Chem.f 18 , 513 (1B79); compare Landw. Vers. Sta., 47 , 104 (1896). 
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TABLE XXL* — SoLUBaiTY of Potassium Pfrchi^orate in Alcohol of 
Different Strengths. 

Alcohol concentration KCIO4 

Percentage, by weight mg. 


100 

97 

96 

95 

94 

91 

’ Tietjens, Laboratoriumsbuch fiir die Kaliindustne, -»nd ed., igj4. 


9.1 

11.0 

12.0 

17.0 

19.0 

25.0 


TABLE XXII.* — Density of AIixtures of Ethyl Alcohol and VV'atik 
(grams per milliliter). 


Per cent alcohol 
by weight 

15° 

•] 

70 ^ 

Pemperature 

2^0 



50 

O.QI776 

0.91384 

O.QO985 

0.90^80 

o.(X)i68 

60 

o. 8 g 5-\3 

0.891 13 

0.88699 

0.88278 

0.87851 

65 

0.88364 

0.87948 

0.87527 

0.87100 

0.86667 

70 

0.87187 

0.867^ 

0.86340 

0.85908 

0.85470 

71 

0.86949 

527 

100 

667 

228 

12 

710 

287 

0.85859 

426 

0.84986 

73 

470 

047 

618 

184 

743 

74 

229 

0.85806 

376 

0.84941 

5C0 

75 

0.85988 

564 

134 

698 

257 

76 

747 

322 

0.84891 

455 

013 

77 

505 

079 

647 

211 

0.83768 

78 

262 

0.84835 

403 

0.83966 

523 

79 

018 

590 

158 

720 

277 

80 

0.84772 

344 

0.8391 1 

473 

029 

81 

525 

096 

664 

224 

0.82780 

82 

277 

0.83848 

415 

0.82974 

530 

83 

028 

599 

164 

724 

279 


0.83777 

348 

0.82913 

473 

027 

85 

525 

095 

660 

220 

0.81774 

86 

271 

0.828 "0 

405 

0.81965 

519 

87 

014 

583 

148 

708 

262 

88 

0.82754 

323 

0.81888 

448 

003 

89 

492 

062 

626 

186 

0.80742 

90 

227 

0.81797 

362 

0.80922 

478 

91 

0.81959 

529 

094 

655 

211 

92 

688 

257 

0.80823 

384 

0.79941 

93 

413 

0.80983 

549 

111 

669 

94 

134 

705 

272 

0.79835 

393 

95 

0.80852 

424 

0.79991 

555 

1 14 

96 

566 

138 

706 

271 

0.78831 

97 

274 

0.79846 

415 

0.78981 

542 

98 

0.79975 

547 

117 

684 

247 

99 

670 

243 

0.78814 

382 

0.77946 

100 

360 

0.78934 

506 

075 

641 

* Abridged from the Smithsonian Physical Tables. 




The concentration of the alcohol in alcohol-water mixtures is most 
easily obtained by determining the specific gravity with a hydrometer or 
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pycnometer. The latter method is more accurate. It is necessary to know 
the temperature at which the specific gravity is determined. Table XXII 
gives the density of alcohol of various percentages by weight at five tem- 
peratures. Special hydrometers, graduated in |)er cent alcohol, which 
simplify the determination, may be purchased. 

pbrchloratf: mbthods 

Owing to the great cost of platinum chloride, analysts have sought for 
a reagent of a cheaper nature and yet capable of forming an insoluble 
comjxiund with potash. Perchloric acid is the reagent most widely used 
at the present time. The principle ujion which the method is based is the 
insolubility of potassium perchlorate in strong alcohol containing a little 
perchloric acid and the comparatively easy solubility of the other bases 
usually associated with potassium in water. 

The process was first proposed by Serullas^ and jirominently called to 
the attention of analysts by Schloesing,^ Kraut® and Bertrand.^ The 
method was fully developed by the French agricultural chemists in 1887. 

In view of the difficulty experienced in determining potash and soda, or 
rather the chlorides of jHitash and soda, by means of chloroplatinic acid, 
Schloesing proposed the use of perchloric acid, stating that it was first sug- 
gested by Serullas, who was negligent in not citing in his paper the re- 
sults of his work. The chief cause of the failure of the method pro- 
posed by Serullas was the difficulty of getting perchloric acid in sufficient 
quantities and in a pure state. Since a satisfactory and cheap supply of 
pure perchloric acid no longer stands in the way of the success of the 
method, it is now used extensively in the various official and trade labora- 
tories of Europe. It has, however, not attained more than a very limited 
use in the United States. 

The procedure of Schloesing and Wense° depends u])on the insolubility 
of potassium j^erchlorate and the solubility of sodium perchlorate in 97 
per cent alcohol. Ammonium salts and sulfates must not be present on 
account of their slight solubility in alcohol, but a little phosphate does no 
harm. The method follows : 

Mfin. chim, physique, 46 , (a), 294 (1831). 

^ Cofnpt, rend., 73 , 1269 (1871). 

* Z. anai. Chem., 14 , 152 (1875). 

* Mon. set., 83 , 961 (z88i). 

* Treadwell and Hall, Analytical Chemistry, 5th cd.; Z. angew. Chem., 4 , 691 (1891); 5 , 

233 (1892); 6, 68 (1893); Landw. Vers. Sta., 69 , 313 (1903-4); 8T, 145; Chem. Soc., 

36 , 2085 (19*4). 
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When the solution to be analyzed contains sulfate, acidify with lo cc. of 12 N 
hydrochloric acid, heat to boiling and treat drop wise with boiling 0.5 N barium 
chloride solution until no more precipitate is formed. Boil the solution gently for 
15 minutes and filter. (This treatment is unnecessary when only a trace of sulfate 
is present, and in all cases an excess of barium chloride should be avoided.) Evapo- 
rate the solution to dryness in platinum and expel any ammonium salts by careful 
ignition. Dissolve the residue in 20 cc. of hot water and add a little more than 
enough perchloric acid to combine with all the bases present, (i cc. of 20 per cent 
perchloric acid is sufficient for (;o mg. of potassium.) Evaporate the solution to 
dryness, dissolve the residue in 10 cc. of hot water, add a little more perchloric acid, 
and repeat the evaporation to dryness. If white fumes of perchloric acid do not 
appear, repeat the addition of water and the acid until finally heavy fumes are ob- 
tained on evaporation. After cooling, treat the residue with about 20 cc. of 0.2 
per cent perchloric acid in 97 per cent alcohol. Break up the crystals somewhat, 
but lake care not to reduce them to a fine powder which will subsequently pass 
through the filter. Decant the solution through a Gooch crucible, which has been 
washed with the 0.2 per cent .solution of perchloric acid in alcohol, dry at 130° C.. 
and weigh. If there is an unusually large precipitate of potassium perchlorate, dis- 
solve it in a little hot water and again evaporate the solution with a little perchloric 
acid. Then wash the precipitate once by decantation with 0.2 per cent perchloric 
acid in alcohol and then several times on the asbe.stos felt. (The small quantity of 
perchloric acid remaining will be volatilized during the drying.) Finally dry the 
crucible and its contents at 130° C. for i hour and weigh. 

In discussing the estimation of potassium in fertilizers, soil extracts 
and plant a.shcs, W. A. Davis* claims that the perchloric acid method is 
simpler and more reliable than the platinum method. He advocates wash- 
ing the precipitate with 95 per cent alcohol saturated with j)otassium j>er- 
chlorate, by means of which the error due to the solubility of the pre- 
cipitate is obviated. (This is of great importance when precipitates of 
small weight are considered.) The presence of barium, magnesium and 
calcium chlorides and sodium phosphate are without prejudice to the 
method, and these salts need not be removed. The author also claims that 
potash in potassium sulfate can be determined without previous conver- 
sion into the chloride by using sufficient excess of perchloric acid. If 
the sulfate is converted into chloride with barium chloride by the Stass- 
furt method, exact precipitation of the sulfate radical is not necessary. 
Thin and Gumming- concur with Davis in his recommendation as to the 
use of 95-96 per cent alcohol saturated with ])ure perchloric acid in wash- 
ing potassium perchlorate precipitates. They further state that ammonium 
salts must not be present in any quantity. Evaporation with the perchloric 
acid must be carried far enough to ensure complete conversion of chlorides 

* 7 . Agr. Sci., B, 52 (1912). 

* 7 . Chew, Soc. Trans., 107 , 361 (1915). 
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into perchlorates, and a freshly prepared saturated solution of potassium 
perchlorate must be used as a washing liquid. 

Davis^ also notes certain precautions that must be observed in carry- 
ing out the perchloric acid method. In evaporating potassium sulfate 
with perchloric acid, the conversion of the potassium into perchlorate pro- 
ceeds quantitatively so long as the i)erchloric acid remains in a relatively 
large excess. On continuing the evaporation, however, with resultant ex- 
pulsion of the greater portion of the perchloric acid, the less volatile sul- 
furic acid, which remains, causes reversal of the reaction. Under such 
conditions, upon the addition of 95 per cent alcohol an impure perchlor- 
ate, containing crystals of hydrated potassium hydrogen sulfate, separates. 
When dried at 100° C., such a precipitate gives a slightly high result 
owing to the presence of water of hydration. Although it is claimed by 
the author that potassium, even in the form of sulfate, can be accurately 
determined in the presence of an excess of perchloric acid, it is recom- 
mended that the sulfate be eliminated by evaporating the solutions with 
barium hydroxide solution, gently igniting well below the red heat, and 
using the filtered aqueous extract for evaporation with perchloric acid. 

Page‘^ gives results of investigations showing that chloric acid is often 
present in the i)erchloric acid and causes erroneous and erratic results. 
Perchloric acid, therefore, should be tested for the presence of chloric acid. 

Bennett,’* while recognizing the existence of possible sources of error 
in both the cobaltinitrite and perchlorate methods for the determination 
of potassium, proposes the following combination of the two methods, 
which makes possible an accurate estimation even in the presence of rela- 
tively large quantities of sodium and magnesium salts. 

To prepare the cobalt solution, dissolve 50 ^rams of cobalt nitrate in water, 
add 25 grams of glacial acetic acid and dilute to i liter. Allow the solution to stand 
24 hours and filter. 

Add 30 cc. of this solution to every 50 cc. of the potassium salt solution, 
allow to stand 2 hours, filter by the aid of suction and wash with water containing 
a small quantity of the cobalt leaj’ent. Dissolve the precipitate in hot hydrochloric 
acid, filter the solution, and evaporate to dryness in a porcelain dish. After dis- 
solving the residue in hot water, add perchloric acid and evaporate the solution to 
dryness. Cool, treat the residue with 25 cc. of 98 per cent alcohol, stir well, and 
bring upon a Gooch filter ; wash with alcohol saturated with potassium perchlorate 
and containing 2 per cent perchloric acid, dry at 100° C., and weigh. The method 
cannot be used in the presence of ammonium salts. 

*/. Chem. Soc., X07, J678 (1915)* 

*7. Agr. Sci., 14, 133 (1924). 

^ Analyst, 41, 165 (1916). 
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Gooch and Blakc^ report that the use of an alcoholic wash solution satu- 
rated with potassium perchlorate results in the precipitation of some of 
the latter from solution when sodium perchlorate is present. Accord- 
ingly they dissent from the recommendation of Davis regarding the 
use of this wash solution, stating that it is practicable to so restrict the 
volume of the washing liquid (97 per cent alcohol containing o.i per 
cent of perchloric acid) that the solubility of the precipitated perchlorate 
is insignificant for practical jmrposes. The employment of the first filtrate 
to aid in effecting the transfer of the precipitate from the evajiorating dish 
to the filter makes possible an economy in the use of the alcoholic wash 
solution. 

Gooch and Blake further state that when a large quantity of alkali 
chlorides (c. g., 0.3 gram) is present, a single evaporation with a moder- 
ate excess of perchloric acid is not sufticient for the complete conversion 
of such salts, but that the residue from the first evaporation with per- 
chloric acid should be dissolved in the least i)ossible quantity of water, 
another portion of perchloric acid added, and the evaix)ration re|)eated. 

Although supporting the original suggestion of Davis^ for the employ- 
ment of wash alcohol saturated with |X)tassium perchlorate, Baxter and 
Kobayashi'* agree with the contention of Gooch and Blake that potas- 
sium perchlorate may lie precipitated from the wash liquor when large 
quantities of sodium are present. These writers recommend — 

(i) The u.se of absolute alcohol; (2) The use of a low temperature in 
washing (o^^) ; {3) The use of a platinum sponge crucible; (4) At least 
one solution of the precipitate in water and re-evaporation before the final 
washing; (5) The use of a washing liquor already saturated with ix)tas- 
sium perchlorate, a suitable proportion of the salt being dissolved in alcohol 
at a high temperature before the perchloric acid is added. 

Hager and Kern^ recommend the use of alcohol of at least 96 per cent 
strength by volume and containing as much as i per cent of i)erchloric acid 
for washing the perchlorate precipitate in the higher grade potassium 
salts. They found that as the strength of the alcohol wash solution was 
decreased, the solubility of the potassium perchlorate was increased. The 
low results obtained in the estimation of potassium in samples high in sul- 


^ Am. J. Set., f4j, 44 , 381 (1917). 

*/. Agr. Sci.^ 5 , 52 (1912). 

Am. Chtm. Soc., 39 , 249 (1917). 

* Landm. rtrs. Sta., 87 , 365 (19*5); /• C hem. So^., 110 , pt. 2, 114 (1916). 



PERCllLORATK METHODS FOR POTASSIUM 


399 


fates are ascribed to the occlusion of potassium salts by the barium sul- 
fate formed in the removal of sulfates from solution. 

Huttner^ proposes the substitution of barium bromide, BaBr2.2H20, 
for barium chloride for use in precipitating sulfates in the perchlorate 
method, because the barium bromide is soluble in alcohol. A solution of 
the bromide should give no precipitate upon the addition of alcohol. 

A highly concentrated solution of barium bromide in water is added 
in excess to a cold solution of the potassium salt, and after thorough 
mixing the contents are made up to the mark. After settling, the pre- 
cipitate is filtered, and to cc. of the filtrate is treated with perchloric acid. 
Solution in cold water can usually be followed, but in case carnallite 
leaves an insoluble residue containing potassium, solution in the hot solvent 
must be resorted to. Hydrobromic acid mii.st be used instead of hydro- 
chloric acid to obviate formation of barium chloride. 

Morris^ commends the accuracy of the perchlorate method as compared 
with the platinum method, lie states that two evaporations with per- 
chloric acid should be made; if an excess of perchloric acid is present at 
the end of the first evatx)ration, the second evaporation will suffice. At least 
one si)lution of the precipitate, followed by re-evaporation, is necessary, 
after preliminary extraction with wa.sh liquid, w'hen sodium or other bases 
are present. Otherwise the results may be too high. With the use of lOO 
cc. of 97 per cent alcohol containing 0.2 per cent perchloric acid, he re- 
ports relatively small losses from washing the perchlorate precipitates, an 
average loss of 0.0016 gram per 0.640 gram of potassium perchlorate 
being noted at a temperature of 15° C., with a loss of 0.0021 gram at 19^ 
C. By doubling the rapidity of filtration at 13^^ C., the loss of perchlorate 
was decreased one-fourth. By adding an equal volume of pure ether to 
the above solution, the loss of iKjrchlorate on washing with 100 cc. of the 
ether mixture at 15*^ C. was reduced one-half. 

Crotogino* proposed two methods for the approximate determination 
of potash by the perchlorate method. In the first method a concentrated 
solution of the potassium salt is titrated with a 50 per cent sodium per- 
chlorate solution, and the end point is determined by repeated trials, the 
precipitate being allowed to settle in each case. In the second method, a 
large excess of the sodium perchlorate solution is used, and the precipi- 
tated potassium |>erchlorate is brought onto a tared filter, washed with 
alcohol, dried at 140^^ C., and weighed. 

' Kah , 12 , 178 (1Q18); /. Chew . Soc ., 114 , pt, 2, 454 (1918). 

^ Analyst t 46 , 349 (1920). 

»Ka/fv 8, 332; C. A ,, 8 , 3167 (1914). 
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The methods are rapid but only approximately accurate, since the 
results vary from 0.2 to i per cent. 

Several workers have proi)osed methods using solvents other than ethyl 
alcohol. Amyl alcohol was used by Gooch, ^ pyridine by Kahlenberg and 
Krauskopf,^ isobutyl alcohol by Winkler,® ether and alcohol by Palkin,^ 
M-butyl alcohol by Willard and Smith, and also by Smith.’* Smith pro- 
posed a precipitation process, whereas nearly all other methods are ex- 
traction processes. The procedure consists in the precipitation of potas- 
sium perchlorate from its solution in warm water, in the presence of 
sodium perchlorate, by the slow addition of a proportionately large volume 
of n-butyl alcohol containing 0.5-1 per cent of perchloric acid dihydrate. 
The solution, together with the precipitated potassium perchlorate is then 
boiled for 30 seconds, cooled to room temperature, and filtered through a 
Gooch or Monroe crucible. The precipitate is washed with butyl alcohol, 
dried at 150-250° for hour, and weighed as potassium perchlorate. 
Good results were obtained. 

G. F. Smith^ and Smith and Ross® made an exhaustive and critical study 
of the perchlorate method. The following discussion is based on their 
findings. 

Potassium perchlorate crystallized from water solution can only be freed 
from water by drying at 350°: when dried at 150° it may retain 0.3 per 
cent of water by weight. Half of this is removed by drying at 250°. 

The evaporation of water solutions of perchloric acid results in concen- 
tration of the acid to approximately the constant boiling aqueous acid of 
72.5 per cent strength. Potassium perchlorate occludes perchloric acid 
when precipitated from 72.5 per cent acid and this occluded acid is not 
completely removed by heating at 350° for 30 minutes. This occlusion 
was found to be independent of the nature of the organic solvent used in 
washing. 

Errors due to occlusion are offset, often quite satisfactorily, by the 
solubility of the potassium perchlorate in the solvents used in the ordinary 
methods. When an improved solvent is used, e. g,, ethyl acetate, the errors 
due to occlusion appear to be augmented. 


^ Am. Chem. J., 9 , 33 (1887). 

2 /. Am, Chem. Soc., 30 , 1104 (ig<>8). 
* 2 . anal. Chem., 53 , 628 (1913). 

*J. Am. Chem. Soc., 38 , 2326 (igiA). 
^Ibid., 44 , 2816 (19:22). 

* Ibid., 46 , 2073 (1923). 

^ Ibid., 47 , 762*769 (1925). 

* Ibid, 774-Si, 1020-1026. 
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As the result of these studies on occlusion and an exhaustive study of 
solvents for washing the perchlorate precipitate, Smith and Ross recom- 
mend the following procedure. 

Dissolve the mixed chlorides of potassium, sodium and lithium free from am- 
monium salts, as obtained by the J. Lawrence Smith or other method, in water and 
treat with 2-3 times the equivalent quantity of perchloric acid (not less than i cc. 
of 60-70 per cent acid). Evaporate to dryness in a 150 cc. Pyrex beaker on a hot 
plate. (The temperature must be high enough to cause the solution to fume. The 
beaker and conUmts should be dry and any acid condensed on the walls of the 
beaker should be removed by brushing with a free flame.) Cool the beaker suffic- 
iently, dissolve the contents by adding 2-3 cc. of hot water, and evaporate again on 
the hot plate. Cool the beaker, add 10-20 cc. of a mixture of equal parts by volume 
of «-butyl alcohol and ethyl acetate and digest near the boiling point for 2-3 min- 
utes. Cool the solution to room temperature, decant the supernatant liquid through 
a previously ignited and weighed Munroe crucible, and wash three times by decan- 
tation to remove most of the soluble perchlorates. Dissolve the residue in the mini- 
mum of hot water and again evaporate to dryness. Extract the salts as before, 
using 10 cc. of solvent; digest the liquid, cool, and filter into the original crucible. 
Transfer the precipitate to the crucible, using a fine jet from a wash bottle con- 
taining the same solvents used for the extraction, and wash the crucible 10-15 times 
with 0.5-1 cc, portions from the wash bottle. Dry the original beakers on the hot 
plate and brush any unremoved particles of perchlorate in with the bulk of the pre- 
cipitate. Dry the precipitate and crucible for a few minutes in an oven at 110° C. 
and finally for 15 minutes in a muffle at 350®. Cool and weigh. 

The volume of filtrate and washings used in this procedure should 
be 35-40 cc. Since it was found under actual working conditions that the 
solubility of potassium perchlorate in the solvent used was only i.o mg. 
in 100 cc., corresponding to 0.6 mg. of potassium chloride or 0.34 mg. of 
KgO, it is evident that the error introduced by this factor is very slight. 
Gooch crucibles with asbestos mats may be used instead of the Monroe 
crucibles. 

It will be noted that this procedure, which is recommended for very 
accurate work, does not involve the use of any organic solutions contain- 
ing perchloric acid. Any remote danger of explosion resulting from such 
solutions is thus eliminated. 

Kirzirian^ departs from the usual procedure and precipitates potas- 
sium perchlorate by adding aniline perchlorate in alcoholic solution drop- 
wise to the mixed chlorides dissolved in water. 

Perchloric Acid , — A solution of perchloric acid in water containing about 
20 per cent HCIO4 is the strength generally used in potassium determi- 

^ Proc, Iowa Acad. Set., # 4 , 547 ( 1917 ). 
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nations. It must contain no substances that are insoluble in the wash 
alcohol used or that react with other materials present to produce such 
insoluble substances. In i^eneral the acid will be suitable for use if it gives 
no turbidity with barium chloride or when lo cc. of alcohol is added to 
10 cc. of the acid. 

Perchloric acid of satisfactory purity can now be purchased or the acid 
may be prepared. Water solutions of perchloric acid as used in potassium 
determinations are not dangerous, but the anhydrous acid must be care- 
fully handled to avoid explosions in the presence of organic matter. 

( 1 ) Properties of Perchloric Acid } — Anhydrous perchloric acid is a 
colorless, hygroscopic, volatile, mobile liquid, which fumes in the air. When 
the anhydrous acid comes in contact with the skin, it produces serious 
and painful wounds. D. Vorlander and R. von Schilling*'-' say that the 
pure acid decomposes spontaneously in a few weeks even in the dark and 
that the liquid first darkens in color and then explodes, while A. Michael 
and W. T. Conn'* say that it does not explode. 

Perchloric acid readily unites with w^ater to form needle-like crystals 
of the monohydrate, which was mistaken by Serullas* (1831) for the an- 
hydrous acid. The solution of the acid in water is much more stable 
since it decomposes neither in light nor in darkness if organic matter and 
reducing agents be excluded. It cannot be too strongly emphasized that 
contact of the boiling undiluted acid or hot perchloric acid vapor with 
organic matter or even easily oxidized inorganic matter, such as compounds 
of trivalent antimony, will lead to serious explosions.® 

The specific gravity of 100 per cent acid is found by \^an Wijk® to be 
1.7676 at 20° C. 

(2) Preparation of Perchloric Acid } — Kreider worked out the follow- 
ing simple method of preparing i)erchloric acUd : 

A convenient quantity of sodium chlorate, 100-300 grams, is melted in a glass 
retort or round-bottom flask and gradually raised to a temperature at which oxygen 
is freely, but not too rapidly evolved; it is kept at this temperature until the fused 
mass thickens throughout, indicating the complete conversion of the chlorate to the 
chloride and perchlorate, which requires from 1^-2 hours; or the retort may be 
connected with a gasometer and the end of the reaction determined by the volume of 

' Mellor, Inorganic and Theoretical Chemistry, Vol. II, p. 376. 

^ Liebig* s Ann., 310 , 369 (1900). 

* Am. Chem, 23 , 445 (1900). 

* Ann, chim, phys., 46 , 294 (1831). 

^ Hillebrand and l^undell. Applied Inorganic Analysis, p. 37, 1929. 

• 2 . anotg, Chem,, 32 , 1x5 (1902). 

^Am, /. Sci., f3], 49 , 443 (1895). 
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oxygen expelled, as represented in the equation — 2NaC10a = NaCl + NaC104 + Oa. 
The product thus obtained is washed from the retort to a capacious evaporating 
dish, where it is treated with sufficient hydrochloric acid to effect the complete re- 
duction of the residual chlorate, which will be present in but small amount, if the 
ignition has been carefully conducted with well distributed heat. It is then evapo- 
rated to dryness on the steam bath, or more quickly over a direct flame; but little 
attention is necessary until a point near to dryness has been reached, when stirring 
will be found of great advantage in facilitating the volatilization of the remaining 
liquid and in breaking up the mass of salt. Otherwise the perchlorate seems to 
solidify with a certain amount of water, and its removal from the dish, without 
moistening and reheating, is impossible. 

After triturating the residue in a porcelain mortar an excess of the strongest 
hydrochloric acid is added to the dry salt, preferably in a tall beaker, where there 
is less surface for the escape of hydrochloric acid and from which the acid can be 
decanted without disturbing the precipitated chloride. If the salt has been reduced 
to a very fine powder by energetic stirring for a minute, the hydrochloric acid will 
set free the perchloric acid and precipitate the sodium as chloride, which in a few 
minutes settles, leaving a clear solution of the perchloric acid with the excess of 
hydrochloric acid. The clear supernatant liquid is then decanted upon a Gooch 
crucible, and the residue is treated again with the strongest hydrochloric acid, 
settled, and again decanted, the salt finally being brought upon the filter, where it 
is washed with a little strong hydrochloric acid. A large platinum cone will be 
found more convenient than the crucible, because of its greater capacity and filter- 
ing surface. When the filter will not hold all the sodium chloride, the latter, after 
being washed, may he removed by water or by mechanical means, if precautions 
are taken not to disturb the felt, which is then ready for the remainder. If water 
is used, the felt should be washed with a little strong hydnKhloric acid before re* 
ceiving another portion of the salt. This residue wdll be found to contain only a 
small quantity of perchlorate. It may be tested by heating to expel the free acid 
and treating the dry and powdered lesidue with 97 per cent alcohol, which dis- 
solves the perchlorate of sodium, but has little effect on the chloride. 

The filtrate containing the perchloric acid, the excess of hydrochloric acid 
and the small percentage of sodium chloride which is soluble in the latter, is then 
evaporated over the steam bath till all hydrochloric acid is expelled and the heavy 
white fumes of perchloric acid appear, when it is ready for use in potassium de- 
terminations. 

The acid will not be chemically pure, because sodium chloride is not 
absolutely insoluble in hydrochloric acid, but a portion tested with silver 
nitrate will prove that the sodium, together with any other bases which 
may have gone through the filter, has been completely converted into per- 
chlorate. Then, unless the original chlorate contained some potassium 
or on evaporation the acid was exposed to the fumes of ammonia, the 
residue of the evaporation of a portion is easily and completely soluble 
in 97 per cent alcohol, and its presence, therefore, is unobjectionable. 
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TABLE XXIII.’— Dknsity and Concentration oe Pure Aqueous Perchloric 
Acid at 15 ^ Referred to Water at 4°. 

Density HCIO4 Density HCIO4 Density HCIO4 Density HCIO4 Density HCIO4 



Per cent 


Per cent 


Per cent 


Per cent 


Per cent 

1.005 

I.OO 

1. 140 

21.64 

1.275 

37.00 

1.410 

50.10 

1-S45 

60.41 

I.OIO 

1.90 

1.145 

22.32 

1.280 

38 10 

1.415 

50.51 

1-550 

60.78 

I.0I5 

2.77 

1. 150 

22.90 

1.285 

38.60 

1.420 

5o.gi 

1.555 

61.15 

1.020 

3.61 

1. 155 

23.65 

1.290 

3Q.I0 

1.42s 

51-31 

1.560 

61.52 

1.025 

4.43 

1. 160 

24.30 

1.295 

39.60 

1.430 

51.71 

1-565 

61.89 

1.030 

5.25 

1.165 

24.94 

1.300 

40.10 

1.435 

52.11 

1-570 

62.26 

1.035 

6.07 

1. 170 

25.57 

1.305 

40.50 

1.440 

52.51 

1-575 

62.63 

1.040 

6.88 

1. 175 

26.20 

I.3IO 

41.08 

1.445 

52-91 

1.580 

63.00 

1.045 

7.68 

1. 180 

26.82 

1.315 

41.56 

1-450 

53.31 

1.585 

63.37 

1.050 

8.48 

1.185 

27.44 

1.320 

42.03 

1.455 

53.71 

1.590 

63.74 

1.055 

9.28 

I.IQO 

28.05 

1.325 

42.49 

1.460 

54-11 

1-595 

64.12 

1.060 

10.06 

I.I95 

28.66 

1.330 

42.97 

1-465 

54-50 

1.600 

64.50 

1.065 

10.83 

1.200 

29.26 

1.335 

43.43 

1.470 

54-89 

1.605 

64.88 

1.070 

11.58 

1.205 

29.86 

1.340 

43.89 

I-47S 

55-18 

1.610 

65.26 

I.07S 

12.33 

I.2IO 

30.45 

1.345 

44 35 

1.480 

55-56 

1.61 5 

65.63 

1.080 

13.08 

I.215 

31.04 

1.350 

44.81 

1.485 

55.95 

1.620 

66.01 

1.085 

13.83 

1.220 

31.61 

1.355 

45.26 

1.490 

56.32 

1.625 

66.39 

I 090 

14.56 

1.225 

32.18 

1.360 

45.71 

1.495 

56-69 

1.630 

66.76 

1.095 

15.28 

1.230 

32.74 

1.365 

46.16 

1.500 

57-06 

1-635 

67.13 

1. 100 

16.00 

1.235 

33-29 

1.370 

46.61 

1.505 

57-44 

1.640 

67.51 

1. 105 

16.72 

1.240 

33-85 

1.375 

47.05 

1.5 10 

57-8 1 

1-645 

67.89 

I. no 

17.45 

1-245 

34.40 

1.380 

47.49 

1.515 

58.17 

1.650 

68.26 

I.II5 

18,16 

1.250 

34-95 

1.385 

47.93 

1.520 

58.54 

1-655 

68.64 

I.I20 

18.88 

1.255 

35-40 

1.390 

48.37 

1.525 

58.91 

1.660 

69.02 

I.I25 

19.57 

1.260 

36.03 

1.395 

48.80 

1.530 

59.28 

1.665 

69.40 

I.I30 

20.26 

1.265 

36.56 

1.400 

49.23 

1.535 

59.66 

1.670 

69.77 

I.I35 

20.95 

1.270 

37.08 

1.405 

49.68 

1.540 

60.04 

1.675 

70.15 


* Emster, Z. anorg. Chcm., 52, 278 (1Q07). 


One cubic centimeter of the acid thus obtained gives on evaporation a 
residue of only 0.036 gram, which is completely soluble in 97 per cent 
alcohol. 


Willard^ proposes the following method for the preparation of perchloric 
acid : 

In a 2 liter flask place 500 grams of ammonium perchlorate, add 600 cc. of 
water and 410 grams of 68-70 per cent nitric acid, heat to boiling, and let 105 
grams of 37 per cent hydrochloric acid, previously diluted to 400-500 cc., run in 
through a long stemmed dropping funnel. Run the acid in rapidly at first, then 
more slowly (all may be added within 25 minutes). Boil vigorously throughout 
the entire operation. Continue to boil for about i hour, running water in to re- 
place that lost by evaporation to keep the volume constant and finally boil down the 
solution rapidly until fumes of perchloric acid appear. 


7 . Am. Chem, Soc., 34 , 1480-5 (1912). 
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The acid should now be free from ammonium as shown by Nessler's 
test. Usually there will be a slight excess of nitric acid, and this requires 
a somewhat higher temperature for its complete removal than does hydro- 
chloric acid, where 135° C. suffices. It may in some cases be advisable to 
add a little more hydrochloric acid to react with the nitric acid present, 
leaving an excess of the former. A casserole or evaporating dish is more 
efficient in the last evaporation. When the acid fumes copiously, its com- 
position is nearly that of the dihydrate HCIO4.2H2O, this being the con- 
stant boiling product obtained by distillation. The yield is theoretical — 
580 grams of the dihydrate — and the entire process may be easily com- 
pleted within 23/2 hours. 



The acid obtained in this way is easily purified by distillation, and this 
method will probably be the cheapest if a perfectly pure product is re- 
quired. A pressure of 200 mm. is very satisfactory ; at higher pressures 
decomposition becomes noticeable, until at atmospheric pressure a loss of 
perhaps 10 per cent is inevitable. 

It will be found very convenient to keep the perchloric acid stock solu- 
tion in an apparatus of the type shown in Fig. 3, which will automatically 
deliver the correct amount of acid for the determination. The small 
measuring tube at the side is equipped with a two-hole stopper, through 
one hole of which passes the tube from the bottle as shown. The other 
hole allows the air to escape. When the bulb is pressed, the acid fills the 
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measuring tube, and on releasing the bulb the excess flows back into the 
bottle. ( )bviously the quantity of acid retained in the measuring tube can 
be adjusted by sliding it up or down on the delivery tube from the bottle. 
I'he acid is allowed to flow into the evajiorating dish by opening the pinch 
clamp. No dimensions are given as to the size of the bottle and measuring 
tube; they will depend on the needs of the individual analyst. 

The concentration of pure aqueous perchloric acid solutions is conven- 
iently obtained by determining the specific gravity. 

Volumetric Mktfiods 

BlTARTRATiS MKTHOOS 

Several of these methods are based upon the precipitation of the bi- 
tartrate in the i)resence of an excess of alcohol, but it is claimed by some 
workers in this field that by the use of sodium bitartrate or a mixture 
of solutions of sodium tartrate and tartaric acid, potassium bitartrate 
may be precipitated with aj^proximately quantitative results. 

MarchaiuT describes a method which has as its basis the diminution of 
acidity caused by the separation of insoluble ix)tassium bitartrate from a 
mixture of sodium bitartrate with a neutral solution of a |X)tassium salt. 
Precipitation is effected overnight, and the minimum temperature at which 
precipitation is accomplished is noted, correction for temperature being 
made for each determination by means of an empirical table. 

In the method described by Bayer- a weighed quantity of potash salt 
is dissolved in water, an aliquot is taken, and sodium carbonate is added 
in small quantity, followed by a small jiroportion of acetic acid and an 
excess of crystallized tartaric acid. The solution is heated ; after cooling, 
absolute alcohol is added in large amount and the liquid is allowed to stand 
several hours. 

The precipitate, after being washed with alcohol, is titrated in a boiling 
solution of 0.05 N sodium hydroxide, phenolphthalein being used as an 
indicator. A correction is made for the potassium bitartrate soluble in 
the alcoholic wash water. 

In the method described by Marshall^ the alkali metals should be 
present as chlorides, and if necessary they can first be converted into sul- 
fates and then to chlorides by means of barium chloride. An aliquot por- 


^ Ann, agron., 9 , 465; /. Chem. Soc ., 46 , 69s (1884). 

^Chem. Ztg., 17 , 686 (1893). 

^Ibid,^ 88, 585 (1914); Chem . Sec., 108 , pt 2, 490 (t9t4)> 
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tion of a solution containing about 0.05 gram of ])otassiuni oxide is evap- 
orated to dryness on the water bath. The residue is dissolved in a few 
drops of water and precipitated in the cold with 20 cc. of a 2 per cent 
alcoholic solution of tartaric acid which has been kept for several days 
over potassium bitartrate and then filtered. After precipitation, 10-20 cc. 
of 96 per cent alcohol saturated with i)otassium bitartrate is added, and 
the whole mixture is boiled for 10 minutes on the water bath, and then left 
covered with occasional shaking for 24 hours. The precipitate is collected 
in a Gooch crucible, washed with alcohol containing bitartrate then with y6 
jier cent alcohol, dried at 80° C., and weighed. 

Ajon’ re])orts good results for potassium chloride and sulfate by the 
following method : 

Make 25 cc. of a 2 per cent potassium chloride or sulfate s<jlution up to iso-200 
cc. in an Krlenmeyer flask and add slowly and with stirring 50 cc. of 2 N tartaric 
acid and 25 cc. of 0.5 .V sodium hydroxide solution. Shake the flask for 5 minutes 
and add 25 cc. of 96 per cent alcohol. After allowing to stand 6-8 hours, filter 
through a fine texture Alter paper and wash well by decantation with neutral q6 
per cent alcohol. Remove the filter paper from the funnel, place in the flask, and 
add o.i N sodium hydroxide until the contents react alkaline to phenolphthalein and 
retain a pink color for not less than 5 minutes. Dissolve the precipitate in aqueous 
o.i N sodium hydroxide and titrate the excess with o.i N hydrochloric acid. 

St. Minovici and Kollo^ describe a method which depends upon pre- 
cipitation of potassium as bitartrate, but unlike similar methods it does 
not depend upon the u.se of alcohol to decrease the solubility of the bi- 
tartrate, nor is the presence of sodium, sulfate or phos])hate ions ob- 
jectionable. Experiments showed that the solubility of potassium bi- 
tartrate in a saturated solution of .sodium bitartrate, or in the i)resence of 
excess tartaric acid that has been saturated with potassium salt, is in- 
appreciable. Only o.oi per cent dissolves in a 7.5 per cent solution and 
less in a saturated solution. For the analysis proceed as follows : 

Dissolve 0.25-0.3 gram of the salt in 5 cc. of water, add o. 5-0.6 gram of sodium 
bitartrate and allow to stand i hour, with occasional .stirring. Add 5 cc. of 5 per 
cent tartaric acid, which has been allowed to stand 5-6 days with 1 gram of potas- 
sium bitartrate for each 100 cc. of solution, and filter. \Va<»h twice more by decan- 
tation with 5 cc. portions of tartaric acid to dissolve any excess of .sodium bitartrate. 
Then wash on the filter with 50 cc. of a mixture of equal parts of alcohol and ether 
to dissolve excess of tartaric acid. The precipitate may be weighed or dissolved 
in boiling water and titrated with sodium hydroxide and phenolphthalein. To the 


^ Ctern. chim. tnd, applicata, 8 , 42^1 (1920); /. Soi ,, Chem. Ind., 40 , 21 A (1021). 

^ Bui soc, chitn. Bomdnia, 3 , *7, 2.S (1921); C. A., 15 , 3044. 



4o8 


agricultural ANALYvSIS 


weight of potassium oxide found, add 0005 gram in addition to allow for the solu- 
bility of potassium bitartrate. 

The following modification of the method of Przibylla^ is recommended 
by Hubert.^ 

Dissolve 20-25 grams of sample in 200-250 cc. of water, filter if necessary, and 
place a suitable aliquot in a dry flask ; add a measured quantity of sodium bitartrate 
(Przibylla used tartaric acid), shake thoroughly for 5--20 minutes at a temperature 
of 18° C., filter, and titrate the filtrate with o.i N sodium hydroxide. 

By analyzing a series of synthetic solutions that have the same com- 
position as the various potassium salts to be analyzed, the relation Ijetween 
the final titration and the percentage of potassium oxide can be determined 
for each of the salts. 

In a later j)aper Przib3dla*'* recommends the use of rosolic acid instead of 
phcnolphthalein, as first recommended. He notes that in the original 
paper results were ol)tained with 10 per cent potassium salt solutions, 
sodium bitartrate being used as precipitant without a mechanical stirrer. 

Hubert^ later gives another modification of the Przibylla method as 
follows : 

Dissolve 25 grams of the salt in water and dilute the solution to 250 cc. in a 
graduated flask at 18° C. Transfer a 25 cc. aliquot to a dry 200 cc. flask, add the 
necessary amounts of sodium tartrate and tartaric acid, shake in a water bath for 
20 minutes, and then filter through a dry paper. Titrate a definite quantity of 
filtrate with o.i N sodium hydroxide solution (free from carbonate), using rosolic 
acid as an indicator, and read off the percentage of potassium on a curve previously 
constructed from results obtained from standard preparations. 

Tables are given by the author showing amounts of reagents taken, 
which vary according to richness of samples analyzed. 

The following procedure is recommended by Meurice.® 

To a quantity of potash salt corresponding to 0.65 gram in 20-25 cc. of water, 
add 100 cc. of saturated solution of sodium bitartrate and an equal volume of 
methyl alcohol (used because cheaper than ethyl alcohol in France). Allow to 
stand overnight. Wash the precipitate with 50 per cent methanol, dissolve in a little 
water, and titrate with sodium hydroxide and phenolphthalcin. Sulfate, nitrate, 
calcium and magnesium ions do not interfere. In new hands it is claimed that 
better results are obtained than are secured by the perchloric acid method. 

^ Kali, 2 , No. 18, (1908); C. A., 7 , 2024. 

^ Bull. soc. ind. Mulhouse, 88 , 500 (1922). 

^Kali, 8 , 473 (1912); C. A., 7 , 2024. 

^ Ann. dhim. anal., [2] 5 , 9 (1923); 7 . Chem. Soc., 184 , pt. 2, 181 (1923). 

^Ann. chim. anal. chim. appl., 7 , 161 (1025); C. A., 19 , 26x3.. 
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The following bitartrate method was proposed by Macheleidt.^ 

Prepare a standard solution of sodium bilartrate by dissolving 60 grams of 
tartaric acid and 16 grams of sodium hydroxide in water and diluting to I liter. 
Add 6 grams of potassium bitarlrate to the solution and shake the liquid for 2 hours ; 
filter off 30 cc. and titrate with o.i N barium hydroxide solution. Shake a second 
portion of 30 cc. for 1-2 hours with 0.5-0.75 gram of sample to be tested. Filter 
the solution into a tared basin, and without washing the filter titrate with barium 
hydroxide solution. Weigh the solution before and after filtering, and make allow- 
ance for the loss. Calculate the difference between the two titrations to potas- 
sium oxide. 


PHOSiPHOMOLYBDATB METHODS 

Raulin- apparently was the first to propose a method based iii)on the 
insolubility in water of jtotassium phosphoinolybdate, and .some years later 
Wavelet'^ described a method for the determination of potash by means 
of [)hosj)h()molybdic acid. The potash is precipitated as pho^])homoIyb• 
date, being evai)orate(l to dryness on the water bath, and after being 
washed with dilute nitric acid, is dissolved in ammonia and precipitated 
by means of magnesia mixture. The author also proposed the titration of 
the ammonium magnesium phosi)hate with lead nitrate. 

The modified method of Donk^ for the determination of potash volu- 
metrically is as follows: 


RKAGCNTS 

Nitric acid wash. — 5.5 cc. of nitric acid, (sp. gr. 1.40), in 1000 cc. of water. 

Sodium nitrate wash, — 5 grams of sodium nitrate in 1000 cc. of water. 

Phosphomolybdic acid solution. — Dissolve 100 grams of phosphomolybdic acid 
(Kahlbaum) in 750 cc. of water and add 250 cc. of nitric acid, (sp. gr. 140). 

Standard solutions. — Prepare standard caustic potash and nitric acid as for the 
volumetric determination of phosphoric acid, (p. 174). i cc. of potassium hjdroxide 
is equal to 1.625 mg. of potassium oxide.*’ 

DETKRMINATION 

Boil 2 grams of the sample 30 minutes with 300 cc. of water plus 5 cc. of con- 
centrated hydrochloric acid. Add a few drops of phenolphthalein and carefully 


^ Wochxchr. Brau., 39 , 23 (1Q22). 

^ Compt. rend., 110 , 289 (1890); Ann. chin, anal., 5 , 345 (1900); U. S. Dept. Agr. Bur. 
Chem. Bull., 90 , 219. 

^Ann. chtm. anaJ. appl., 5 , 289 (1900); Chem. Centbl., II, 689 (1900); Exp. Sta. Rec., 
Wi 713 (i900*0* 

^ U. S. Dept. Agr. Bur. Chem. Bull., 99 , p. 135 (1006). 

^ The factor originally used was 1.655 but the correct factor is 1.625 according to McDonnell, 
U. S. Dept. Agr. Bur. Chem. Bull., 99 , p. 140. 
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neutralize with caustic soda, avoiding an excess. (A lo per cent sodium hydroxide 
solution free from potash is used.) Precipitate the lime with ammonium oxalate, 
make up to 500 cc., filter, evaporate a 25 cc. aliquot to dryness, and ignite to destroy 
ammonium salts. Dissolve the residue from the ignition, transfer to a porcelain 
dish, add 10 cc. of phosphomolybdic solution, and evaporate to dryness. Add 25 cc. 
of nitric acid wash heated to 50° C., allow the solution to cool, filter through an 
asbestos filter, and wash with sodium nitrate wash. Transfer to an Erlenmeyer 
flask, add an excess of standard potassium hydroxide, and heat nearly to boiling. 
Wash into the flask with the standard alkali any precipitate adhering to the dish. 
When the precipitate is completely dissolved, add a few drops of phcnolphthalein, 
and titrate back with standard nitric acid. 

Schlicht^ claims that more satisfactory results are obtained by washing 
the precipitate with 5 per cent solution of magnesium sulfate, then with 
a solution of ammonium nitrate, and finally with alcohol and ether. 

COBAI/riNlTRITK METHODS 

A cobaltinitrite method was used for the ([ualitative detection of jK)las- 
sium many years ])efore it was used for the quantitative estimation of this 
element, de Koninck- being credited with suggesting the use of this reagent, 
to which his name has been given, although almost simultaneously Curtman 
proposed the employment of the same reagent for the detection of i)0« 
tassiiim.'^ Its use in the quantitative determination of potassium was first 
proposed by Gilbert,* who gave the formula of the precipitated triple salt 
as Co(X02)3 + 3(KNa)N02 + nHgO. Weber® stated that it was im- 
practicable to apply this method gravimetrically owing to the variable water 
content of the precipitate, but proposed to precipitate the potassium by 
the cobaltinitrite method, dissolving the precipitate in hydrochloric acid 
and completing the determination either by the perchlorate or the chloro- 
platinate method (compare the British official methods, p. 429). Closely 
agreeing results of the two modifications of the method are reported. 
About tw'o years later the use of this method in the quantitative estima- 
tion of potassium was proposed by Adie and Wood,® who called attention 
to the observations of Erdmann"^ and Sadtler® regarding double potassium 

'Chem. Zt{f, 38, 1138 (1908); C. A,, 3, 410 (1909). 

Chem., 80, 390 (j88i); Bcr., 14, 1951 (1881). 

'• Ber., 14, 2298 (1881). 

* Tnaug. dts.sertation, Tub ngen, 1898, 

^ Z. anal, Chem., 83, 171 (1899). 

Chem, Soc. Trans., 77, 1076 (tpoo). 

fj. Pr. Chem., 97, 385 (t866). 

«Am. /. Set., [a] 49, 189 (1870). 
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and cobaltinitrites precipitated by the addition of a strong solution of 
potassium and sodium nitrites to solutions of cobalt salts. These authors 
had also noted the fact that a solution of sodium cobaltinitrite (de 
Koninck's reagent) had been successfully used as a qualitative test for 
potassium, and their own experience with that reagent led them to a study 
of the possibility of developing a method for the quantitative determina- 
tion of potassium. 

The analysis of several samples of the precipitate obtained as a result 
of the above reaction showed the salt in question to be monohydrated di- 
potassium sodium cobaltinitrite, K2NaCo(N02)e.H20. The prepara- 
tion of the reagent was as follows: 


Dissolve 113 Rrams of cobalt acetate in 300 cc. of water and 100 cc. of acetic acid ; 
also dissolve 220 grams of sodium nitrite in 400 cc. of water. Filter the solutions 
and mix, and remove the nitric oxide by evacuation (with pump). After allowing 
to stand 24 hours, filter off the yellow precipitate that has separated, and make the 
solution up to a liter. 

In determining i)ota.sh in potash salts, the method proposed is as fol- 
lows : 

Weigh out 10 grams of muriate or sulfate of potash, or 40 grams of kainite, 
and dissohe in water, making the solution up to 1 liter. Filter off a portion through 
a dry filter, take 10 cc., add 10 cc. of the sodium cobaltinitrite reagent and i cc. 
of acetic acid, allow to stand until the precipitate has settled, pass through a Gooch 
filter and wash. Blow the precipitate and the asbestos plug out of the Gooch filter 
into a beaker and boil with sodium hydroxide solution. Filter off the asbestos and 
precipitated hydroxide and make up the filtrate containing all the nitrite of the 
precipitate to ico cc. Acidify 20 cc. of the solution and titrate rapidly with o.i M 
potassium permanganate solution. Make a second titration, adding the same volume 
of permanganate iHjfore acidification as was used in the first titration, and comi>let- 
ing the titration after addition of excess of acid. 

'File authors also recommend the method as a gravimetric process, the 
precipitate obtained as in the volumetric method being allowed to stand 
overnight, filtered either through a weighed Gooch filter or weighed filter 
paj)er, washed with 10 per cent acetic acid until the washings are colorless, 
and finally once wdth w’^ater, dried at 125® C. until the weight is constant, 
and weighed. 

Some years later DrusheF called attention to the possibility of so modi- 
fying this process as to remove certain difficulties attendant upon the orig- 
inal method of Adie and Wood. 


^Am, /. Sci., [4] * 4 , 433 ( 1907 ). 
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It was noted by Drushel that ‘'unless the potassium salt is of proper 
concentration the precipitate is very difficult to filter and wash, and shows 
a tendency to pass through the mat. By repeated experiments it was 
found that this difficulty, as well as the necessity for allowing the i)re“ 
cipitate to stand overnight, is avoided by evaporating the mixture nearly 
to dryness on the steam bath after adding the sodium cobaJtinitrite solu- 
tion in considerable excess.*' A further change in the method was made 
by obviating the preliminary decomposition of the preci])itate and removal 
of the cobalt as recommended by Adie and Wood, oxidation with })er- 
manganate being effected directly, while standard oxalic acid was then 
added in excess, followed by titration to color with permanganate. 

The details of Drushel’s modified process are as follows: 

The soliiti(^n of a potas‘siiim salt, containing not more than 0.2 gram of potas- 
sium oxide and free from ammonium salt, is treated with a rather large excess 
of sodium cohaltinitrite solution acidified with acetic acid, and evaporated to a 
pasty consistency over the steam bath. It is then cooled and treated with 50-100 cc. 
of cold w'alcr and stirred until the excess of sodium cohaltinitrite is dissolved 
It is allow'cd to settle and decanted through a perforated crucible fitted with an 
asbestos mat. The precipitate is washed two or three times by d(‘cantation, after 
which it is transferred to the crucible and thoroughly washed wdth cold water. In 
the meantime a measured excess of standard o.i N potassium permanganate is 
diluted to ten times its volume and heated nearly to boiling. Into this the precipi- 
tate and mat are transferred and stirred up. after which the crucible is also put 
into the solution, since particles of the precipitate stick persistently to the sides of 
the crucible. After the oxidation proceeds five or six minutes manganese hydroxide 
separates out and the color of the .solution darkens. At this point 5-25 cc. of sul- 
furic acid (1 + 7) is added, and the solution, after .stirring, is allowed to stand a 
few minutes. Then a measured amount of standard oxalic acid, containing 50 cc. 
of strong sulfuric acid per liter, is run in from a buret, care being taken to add 
an excess. The temperature is maintained a little below the boiling point until the 
solution becomes colorless and the manganese hydroxide has completely dissolved. 
It is then titrated to color by permanganate in the usual manner. 

From the whole amount of permanganate used the permanganate equivalent of 
the oxalic acid used is subtracted and the remainder multiplied by the factor cal- 
culated for the strength of permanganate used, 0.000856 being the factor for strictly 
O.I potassium permanganate. 

To make the o.i N oxalic acid solution, exactly 7.1066 grams of pure recrystal- 
lized ammonium oxalate is dissolved in about 700 cc. of cold distilled water con- 
tained in a liter flask. To this solution is then added 50 cc. of strong sulfuric acid, 
and the contents of the flask arc cooled to 15° C. and made up to the mark with 
distilled water. 

Bowser^ recommends the evaporation of the solution, after the addition 
of the reagent, to a sirupy consistency, though too vigorous heating is to be 

‘ 7 . Ind, Bng. Chem., 791 (X909). 
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avoided. The washed precipitate is treated in a beaker with an excess of 
standard permanganate, and the contents are boiled, rather than heated 
nearly to boiling, as in the original Drushel method. 

In discussing the composition of the product obtained by the interaction 
of solutions of potassium salts and of sodium cobaltinitrite, Cunningham 
and Perkin’ claimed that if the potassium salt was in excess tri-potassium 
cobciltinitrite (K.^Co(N()o)6) was precipitated, whereas with an excess 
of sodium ('obaltinitrite, di-|X)tassium sodium cobaltinitrite (KgNaCo-* 
(N( ).)„) was formed. If neither salt is in considerable excess, a mixture 
of the two salts is frequently obtained. 

McDcnigalP calls attention to the variation in the factor used in the 
cobaltinitrite method for the determination of potash when the precipi- 
tate of potassium cobaltinitrite is dissolved in dilute sulfuric acid prior 
to addition of standard oxalic acid and titration with o.i N permanganate. 
According to Drushel’s method, in which the preeijMtate is brought di- 
rectly in contact with the hot diluted permanganate, i cc. of the perman- 
ganate is equal to 0.000856 gram of ix)tash (KgO), but when the pre- 
cedure suggested by McDougall is followed, each cubic centimeter of the 
permanganate is equivalent to 0.000785 gram of potash. His explanation 
of the difference in the oxidizing value of the permanganate under the 
two conditions mentioned is that in an acid solution trivalent cobalt is not 
an active oxidizer and that in sulfuric acid solution the cobaltic salt formed 
must change in the cobaltous salt with evolution of free oxygen. 

Mitscherlich and Fischer,**^ as a result of investigations regarding the 
constitution of the precipitate of ix)tassium sodium cobaltinitrite, state 
that the compos tion of the precipitate changes with the concentration of 
the reagent. With increasing proportions of the cobaltinitrite reagent the 
quantity of sodium entering the molecule of the product increases at the 
expense of the potassium. If the excess of the reagent amounts to thirty 
or more times as much sodium as potassium, the variations in composition 
of the precipitate fall within the limits of error of the estimation. The 
method, therefore, gives satisfactory results provided a large excess of 
precipitating reagent is used. The authors report good results from the 
use of the method in the estimation of potash in fertilizers. 

The cobaltinitrite method of Mitscherlich and Fischer is reported by 
Christensen and Feilberg^ to give unsatisfactory results. In order to 

’ /. Chem. Soc. Trans,, 96, 1563 (1909). 

*/. Am, Chem. Soc., 34, 1684 (1912). 

^ LanJw. Vcr^. Sta., 78, 75 (1912); Analyst, 37, 588 (1912). 

^ Landw. Vers. Sta., 97, 27 ( 19 ^ 0 ); C"* *959. 
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secure a more complete and satisfactory precipitation these authors pro- 
})ose to add, along with the precipitating reagent, 5 cc. of a saturated 
solution of sodium chloride. The method thus modified should be ap- 
plicable both to fertilizers and soil extracts. 

Shedd* and others note the difficulty of preserving the sodium cobalti- 
nitrite solution unchanged and recommend the .separate addition of the 
com|X3nents of the solution. 'I'his recommendation was adopted by E. L. 
Baker, the Referee on Potash for the A. (). A. C. in 1911.- The method 
of preparation of these solutions was as follows : 

Sodium nitrite solution. — Dissolve 220 jjrams of sodium nitrite in water and 
dilute to 500 cc. 

Cobalt acetate solution. — Dissolve 113 grams of cobalt acetate in about 300 cc. 
of water, add 100 cc. of glacial acetic acid, and dilute to 500 cc. 

Sodivm cobaltinitrite solution. — Mix equal parts of the sodium nitrite and 
cobalt acetate .solutions a few hours before required for use. A yellow precipitate 
forms on standing. Filter ju.st before using. 

Standard solutions. — 0.2 N potassium permanganate and 0.2 N oxalic acid solu- 
tion; solutions of fertilizers to be made up by the official method. The factor for 
0.2 N permanganate is 0.001712. 

Haff and Schwartz'* report satisfactory results from the use of the 
cobaltinitrite method in the determination of potash in treater dust from 
cement plants. In determining total potash the J. Lawrence Smith 
method is followed until the fused mass has been extracted with water. 
The filtrate is then treated with an excess of acetic acid (5-10 cc.) and 
evaporated on a steam bath to remove this acid. The residue is taken up 
with a little hot water, 10-15 cc. of the cobaltinitrite solution is added, 
and the liquid is evaporated on a steam bath to pasty consistency; it is 
then removed from the bath, and when the precipitate has cooled it is 
taken up with about 30 cc. of cold water, the precipitate being broken up 
thoroughly. The solution is filtered through an asbestos padded Gooch 
crucible and the precipitate is washed once with cold water. The re- 
mainder of the process is comi>leted substantially in the manner prescribed 
by Drushel, except that sulfuric acid (i -f- i) is used instead of (i -f- 7) 
strength after the first addition of standard permanganate. The authors 
also call attention to the difficulty of preserving the cobaltinitrite solution 
unchanged and advise against the use of a solution more than 2 weeks 
old. 

* /. Ind. Hng. Chem., 2, 379 

* U. S. J>ept. A^r. Bur. Chem. Bulb, X62, p. 28. 

»/. M. Eng. Chem, 9 , 785 ( 1917 ). 
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It should be noted that a number of years before Shedd^ had recom- 
mended a similar adaptation of the J. Lawrence Smith method for the 
determination of potash in soils. In a later article Shedd* also recom- 
mended that the solution be evaporated to a small volume before addition 
of the cobalt reagent and that the evaporation on the water bath be not 
unduly protracted. The same procedure is employed by these authors 
for water-soluble potash as is used in the treatment of the water extract 
from the J. Lawrence Smith method. 

Clerfeyt® likewise advised the use of two separate solutions for the 
determination of potassium by the cobaltinitrite methods, one of co- 
baltous nitrate in dilute acetic acid and the other an aqueous solution of 
sodium nitrite. The two solutions are kept separately, and the first 
solution is added to the second 24 hours in advance of the determination. 
An excess of the reagent is added gradually, with mechanical stirring, 
to a strong solution of the potassium salt, slightly acidified with acetic acid. 
The stirring is continued for 30 minutes. The beaker is then allowed 
to stand overnight, after which the contents are filtered on a tared filter; 
the precipitate is washed with 10 per cent acetic acid and then with 95 
per cent alcohol and dried at 120® C. (The dried precipitate has the 
formula 

Clerfeyt claims that numerous determinations gave results within O.I-0.2 
per cent of the results obtained by the platinum method. 

Strecker and Jungck^ state that the cobaltinitrite method is not de- 
^ pendable owing to the variable composition of the precipitate, but that 
all the potassium can be precipitated by this method and then accurately 
determined by the perchlorate process. They claim that potassium per- 
chlorate can be readily reduced by titanous sulfate and by fusion with 
potassium nitrate and sodium hydroxide or by hydrazine sulfate and 
sodium hydroxide. The resulting potassium chloride solution is titrated 
with silver nitrate. 

L. LeBoucher® states that the cobaltinitrite reagent should be added 
dropwise, with prolonged stirring, and the precipitate allowed to stand 
overnight before filtering. LeBoucher claims that the method is ac- 
curate when the ratio of sodium to potassium in the solution does not 
exceed 15 to i. 

*/. Ind. Eng, Chem., 1 , 302 (1909). 

R, 379 <i9*o). 

soe, chinu BeJg,, 81, 4 x 7 <X 9 ^^)> /• Chem, Soc,, 184, pt a, 181 (1923)* 

* Z . anal, Chem,, 63 , x6i (19^3); C, A,, 18 , 64a. 

*Anaies. sac. espan. fis, guim,, 88 , S40 (>92$}: C. A,, 80 , 1366. 
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Hamid^ investigated the composition of the precipitate obtained in the 
cobaltinitrite method for the determination of potassium and found it 
to be the monohydrated di-potassium sodium cobaltinitrite (KgNaCo- 
(N02 )o.Ho()). He reports satisfactory results by this method when 
compared with the ])erchlorate method and commends it esi)ecially for use 
in determining potassium in the presence of sulfates. Satisfactory de- 
terminations of potassium are reported both by the gravimetric and volu- 
metric processes. 

Wenger and Hemen^ proposed that instead of weighing the cobalti- 
nitrite i:>recipitate or titrating it with permanganate, the i)recipitate be 
treated with sulfuric or hydrochloric acid and the resulting solution 
electrolyzed to deposit cobalt, wdiich is then weighed. 

Bulli and Fernandes" propose the determination of potassium by pre- 
cipitating it as the tri])le nitrite of potassium, lead and cobalt (KgPb- 
[Co(NOo)rt]), the nitrite residue being titrated with j^ermanganate. The 
procedure follows: 

Evaporate the solution to a small volume and when cold add a large excess of 
sodium nitrite and lead nitrate, either in a saturated solution or as a solid, and a 
few crystals of cobaltous nitrate or cobaltoiis chloride. Allow liquid to stand foi 
several hours with occasional shaking. Filter into, a Gooch crucible, wash with 
water, digest for 30 minutes with an excess of o.i X potassium permanganate con- 
taining a few drops of dilute sulfuric acid, heat slowly to Iwiling, and add more 
dilute sulfuric acid. Titrate the hot solution with o.i N sodium oxalate solution. 
The solution to be analyzed should not contain heavy metals or ammonium salts. 

Tovarnitzkii and Sergeenko^ state that potassium can be determined by 
the following procedure without the elimination of bases other than am- 
monium and with a maximum error of 1-2 per cent. 

To 50 cc. of the solution to be tested and containing 10-20 mg. of potassium, 
add 2~4 cc. of NasPbCoCNOs)* reagent. Stir for 20 minutes to get complete pre- 
cipitation. Add barium sulfate until the precipitate changes from orange to a light 
yellow color. Filter through filter paper and wash with 200-250 cc. of water. Wash 
the precipitate from the filter into the first beaker, then add 50 cc. of 0.1 N potas- 
sium permanganate and 20 cc. of (i -+*3) sulfuric acid and make up to 300-400 cc. 
Heat the beaker on a water bath at 100® for 30 minutes. After heating, add to the 
beaker an excess of 0.1 N sodium oxalate and titrate back with 0.1 potassium 
permanganate. Calculate the results by the formula; jr= f(a-|-c) — b] X 0.0006521, 
where a = cc. of potassium permanganate used for oxidation; b == cc. of sodium 
oxalate; c = cc. of permanganate used for titration and 0.0006521 is the factor. 

^Analyst, 61, 450 (1926). 

^ Ann, chim. anal. chtm. appl., 8, 198 (1920); C. A., 14, 3382. 

^ Ann. chtm. applicata, 13, 46 (1933)* C, A., 17, 3655. 

* ZhumaJ Sakhamol Promuishlenncsti, 8, 228 (1928); C. A., 83, 1906. 
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The reagents required are o.i N potassium permanganate, o.i TV sodium oxalate, 
sulfuric acid (i+3) and barium sulfate suspended in water. Prepare the special 
cobalt reagent as follows: Crush and mix 22 grams of sodium nitrite, 3 grams of 
cobaltous nitrate and 5 grams of lead nitrate; dissolve in a little hot water; wash 
into a graduate cylinder ; make up to 80 cc. ; and add 5 cc. of acetic acid. When the 
precipitation is complete, filter the solution and store the clear filtrate in dark !)ottles. 

HEiDlJClSD CHLOROPI.ATINATK METHODS 

In the volumetric determination of potash by the titration of the 
chlorine from the reduced chloroplatinate, Mohr* proposes to reduce the 
dry salt by heating with sodium oxalate, followed by extraction with hot 
water. The filtrate is titrated with silver nitrate solution, a soluble chro- 
mate being used as an indicator. De Koninck,^ Fabre** and Diamant^ 
suggest the reduction of a solution of the chloroplatinate by means of 
magnesium powder. The double salt is dissolved in boiling water, filtered, 
and titrated with silver nitrate. 

Misceixaneous Methods 

IJKTKII^IVATION OF POTASSII .H AS POTASSll^M 
O-CHLORC.R-NlTRO-m-TOIA KSK SIJI.FONATB 

H. Davies and \V. Davies'"* report that potassium 6-chloro-5-nitro-;n- 
toluene sulfonate is less soluble at the ordinary temperature than most of 
the ordinary potassium salts used for the detection of potassium, and 
that in the absence of ammonium the sodium salt is a cheap and useful 
reagent for potassium, one part of the latter in 2500 parts of water being 
detectable. The reagent is said to give satisfactory results in the presence 
of sodium or aluminum and presumably of magnesium and sulfate. 

PICRATE METHOD 

St. Minovici and lonescu^* proposed the following method for the esti- 
mation of potash as the picrate: 

To 10 cc. of a solution containing i gram of potash salt, add 20 cc. of a satu- 
rated solution of picric acid in 95 per cent alcohol to which 5 per cent of glycerol 
has been added and allow to stand 5 minutes with frequent stirring. Filter through 

^ Z, anal. Chem., 12 , 137 (1873); 38 , 182 (i8qq). f 

*Rev. Univ. mines, 9 , 2; No. 2 (1881); U. S. Dept. Agr. l)iv. Chem. Hull. 7 (1885). 

^ Compt. rend., 188 , 1331 (1896); Z. anal. Chem., 38 , 182 (1899). 

^ Chem. Ztg., 88, 99 (1898); Z. anal. Chem., 38 , 182 (1899). 

^J. Chem. See., Trans., 183 , 2976 (i9^3)« 

^ Bull. soc. chsm, Rom&ma, 3 , 25 (1921); C. A., 16 , 3045, 
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a double tared filter. Wash the precipitate with 20 cc. of ether to dissolve any 
picric acid and dry 24 hours in a desiccator containing calcium chloride. The pro- 
cedure is unaffected by the presence of i per cent or less of sodium or ammonia. 
Instead of weighing the precipitate the potassium may be determined volumetrically 
by titrating with a standard solution of quinine acid sulfate. 

Reference may also be made to Reichard's proposal of sodium picrate 
as a qualitative reagent for potassium.^ 

POTBNTIOBfCTRIC MRTHODS 

Rauch^ proposed the determination of potassium by electrometric ti- 
tration. The potassium, in a neutral or weakly alkaline 30 per cent by 
volume alcoholic solution, is precipitated by calcium ferrocyanide as 
potassium calcium ferrocyanide. The excess calcium ferrocyanide is de- 
termined potentiometrically by the addition of zinc sulfate in an aliquot 
part of the filtrate. The calcium ferrocyanide solution is standardized 
under the same conditions as obtain in the potassium determination. The 
author claims that the method is satisfactory when the quantity of potas- 
sium present does not exceed o.i gram and reports a number of results 
in support of his claim. The method can be carried out in the presence 
of sodium, calcium, magnesium, sulfate and chlorine ions, but the ab- 
sence of ammonium, barium, nitrate, or any ions capable of forming an 
insoluble ferrocyanide must be assured. 

A titrimetric method for the determination of potassium was proposed 
by G. Jander and O. Pfundt.^ It is dependent upon the determination of 
the saturation point by the conductometric method; a cold concentrated 
solution of potassium salt is used, and titration is made with a concen- 
trated solution of sodium perchlorate. 

CRNTRIFUGAL MESTHODS 

Hamburger^ proposed a method for applying the cobaltinitrite method 
to the determination of small quantities of potassium by a centrifugal 
process. A small volume of solution containing the potassium salt is 
treated with cobaltinitrite solution and allowed to stand 16 hours at 37® 
C. The precipitate is then centrifuged. Phosphoric acid should be re- 
moved before the potassium is precipitated. 


* Z. ana/. Chem., 40 , 377 (1901). 

*Z. anorg. allyem. Chem., 160 , 77 (1927). 

anal. Chem., 71 , 417 (1927); C. A., 21 , 3852. 

* BwcJtem, Zeit., 71 , 41S (i9*S); /• Chem. Soc., 110 , pt. 2, so <1916). 
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Sherrill' describes a centrifugal method for the determination of potash, 
which he claims is both accurate and rapid, and gives results of a number 
of check determinations compared with results obtained by a well-known 
public analyst. He uses a stock cobaltinitrite solution prepared by dissolv- 
ing separately 450 grams of sodium nitrite and 250 grams of C. P. cobalt 
acetate in 800 cc. of water, mixing the two solutions, and making up to 
2 liters. This solution keeps well. The solution used as a precipitating 
agent is made by adding 65 cc. of water and 5 cc. of glacial acetic acid to 
100 cc. of the stock solution, mixing, and letting stand overnight before 
using. This solution should be freshly prepared every 3-4 days. The 
procedure is as follows : 


Transfer 5 cc. of an approximately i per cent potassium oxide solution of the 
sample to a potash centrifuge tube containing 17 cc. of the sodium cobaltinitrite 
solution. To a similar tube add 5 cc. of a standard i per cent potash solution (15.83 
grams of pure potassium chloride and 8-10 drops of glacial acetic acid made up 
to a liter). These tubes are similar to those used in the centrifugal method for de- 
termining phosphoric acid, p. 185. Centrifuge both at once in a Babcock hand 
milk-test centrifuge at 1000 r.p.m. for i minute. Observe each tube, tap gently with 
the finger to level the surface of the precipitate, and centrifuge again for 15 seconds. 
Calculate results by the formula : 


cc. to which sample is diluted X reading of sample 
gram of sample in above solution X reading of standard 


= percentage of KaO. 


Before making up the solution of the sample to the mark, render it alkaline 
with 10 N sodium hydroxide and acidify with glacial acetic acid, using phenol- 
phthalein as an indicator. If it contains insoluble matter, filter through a dry paper 
and centrifuge 5 cc. of the clear filtrate. If necessary, ignite the sample to drive off 
ammonium salts. The stem of the tube should be full of water before adding the 
cobaltinitrite solution. A 4«tube head centrifuge allows three samples to be run 
with the one standard. 


POLARIMXSTRIC METHOD 

WrobeP observed that when a solution containing sodium hydrogen tar- 
trate and ammonium molybdate is treated with a potassium salt, the re- 
action of the latter with the tartrate results in the depression of the optical 
rotation of the liquid, the extent of this depression serving as a means of 
determining the quantity of potassium used. 


‘ 7 . Ind. Eng. Ckem.^ 13 , 227 (1921). 

^Rocsniki Chem., 4 , 287 (19^4); C* ^9, 2463. 
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DKTKRMIIVATION OF 1N80L.1JBL.F POTASH 

As previously stated, in fertilizer practice only the water-soluble potash 
is considered. Silicates containing insoluble potash, however, are some- 
times used as a source of potash. The use of greensand as a fertilizer 
has already been mentioned (see p. 358). The determination of insoluble 
potash in silicates or other rocks is most frequently made by the method 
of J. Lawrence Smith. ^ This method is fully described in Volume I of 
this publication and in Methods of Analysis, A. O. A. C., in the section 
on soils. 


OFFICIAL METHODS 

In many countries official methods for analyzing fertilizer materials are 
included in statutory regulations; in others they are specified by trade, 
agricultural or scientific associations for use in the work of such societies. 
In this section the official methods of only three foreign countries are given 
in detail since those of other countries are similar to these three or to those 
of the United States. 


United States 


Two modifications of the ])latinum method are official in the United 
States. Complete descriptions of these are found in Methods of Analysis, 
A. O. A. C, 


Spain- 

(u) PHHCHI.ORATF METHOD <SCHLOESlNG AND SKRl^I.^AS) 

Muriate . — Dissolve 50 grams of the material in water, dilute the solution to 1 
liter and mix thoroughly. To 20 cc. of this solution, corresponding to i gram of 
the substance, add dropwise a solution of barium nitrate until it no longer pro- 
duces turbidity. (This condition can be easily noted by causing drops of the reagent 
to flow down the sides of the vessel containing the solution.) Transfer the liquid 
without filtering to a small evaporating dish, washing twice with very little water, 
and concentrate on a sand bath until the volume is approximately 5 cc. Add 5 cc. 
of nitric acid two or three times in succession, evaporating each time to a small 
bulk, without raising the temperature too high. The chlorine is thus eliminated, 
but in order to be sure of this elimination, the vapors are condensed on a glass 
plate and are then treated with silver nitrate, which should not produce a precipi- 

^ Am. J. Sc%., [3I 1, 269 (1871); Am. Chemist, 1 (1871); Ann. Chem. und Pharm., 169, 
82 (1871). 

* Procedimientos de Anali.si«. de Abonos, formulated by the director of the Agronomy Station 
of the Agricultural Institute of Alfonso XII and required in the agricultural laboratories of the 
Department of Public Works. Madrid, 1919. 



OFFICIAL METHODS FOR POTASSIUM 


421 


tate. Add 10 cc. of perchloric acid solution containing 1.6 grams of the actual acid 
in 10 cc. of solution. (Take 100 grams of perchloric acid of a density of 1.7, which 
contains 90 per cent pure perchloric acid, and dilute to 550 cc. with distilled water.) 

Evaporate to dryness on a sand hath; the operation is complete when the white 
fumes due to excess of perchloric acid are no longer produced. Then add 5 or 6 
drops of water and evaporate to dryness. After the dish is cool add 10 cc. of 95 
per cent alcohol which has previou.sly been saturated with pure potassium per- 
chlorate. Cru.sh the crystalline mass with a rod so that the alcohol can impregnate 
it well : allow it to .'^tand and decant the alcohol, washing through a small Berzelius 
or Schleicher and Schull filter paper. Add 5 cc. of alcohol to the dish and proceed 
in the same manner as before, repeating the operation three or four times. After 
decanting for the last time, add 5 cc. of water to the residue, heat to dryness over 
a sand bath and treat the residue for the last time with a few cubic centimeters of 
alcohol, which is al.so decanted through the filter. 

In the dish and on the filter there will be left after this treatment only a mix- 
ture of potassium perchlorate with a very small quantity of insoluble barium sulfate. 
In all these washings do not use more than from 40 to 50 cc. of the alcohol satu- 
rated with potassium perchlorate. Add to the dish 20 cc. of water and heat to 
boiling on a sand bath, avoiding spattering. Pour the hot liquid in which the potas- 
sium perchlorate has been dissolved through the same filter as was used before and 
through which the alcohol washings were decanted. 

Receive the perchlorate solution in a small porcelain evaporating dish previously 
tared. Add 5 cc. more of water to the first dish, boil it, and pass it through the 
filter. Repeat this washing with boiling water four or five times more, using each 
time 5 cc. of water. As these liquids are received in the tared dish, they are evapo- 
rated so that the di.sh may hold all the wash waters. 

In order to keep the potassium perchlorate from creeping over the sides of the 
dish, add, before beginning the operation, 2 or 3 drops of perchloric acid. 

When the evaporation is completed and the white fumes, due to excess of per- 
chloric acid, have disappeared, raise the temperature to 150” for about to minutes 
and then allow the dish to cool in a desiccator over sulfuric acid and weigh. The 
increase in weight is due to the potassium perchlorate. 

On multiplying by 33.9, the potassium contained in 100 grams of the salt ana- 
lyzed will be found. 

Sulfate of potash or a mixture of salts containing large quantities of sulfates . — 
Dissolve 25 grams of sulfate, or of the salt to be analyzed in a 500 cc. flask with 
100 cc. of boiling water, agitating during the process of solution ; decant into a 500 
cc. volumetric flask and wash out the original flask several times with very small 
quantities of boiling water, bringing the volume to 500 cc. with these washings after 
cooling. 

Shake well to obtain a homogeneous liquid and heat 20 cc. of the solution, 
corresponding to i gram of the substance, to boiling in a 200 cc. flask and add 
barium nitrate until a further addition does not give a precipitate. Add a slight 
excess of powdered ammonium carbonate, which precipitates the excess of barium, 
boil a few minutes and filter. Evaporate the liquid to a small volume on a sand 
bath; add 10 cc. of aqua regia, containing one fifth part of hydrochloric acid; 
continue the evaporation to dryness, placing an inverted funnel over the dish; and 
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add aqua regia once or twice more, eliminating it by evaporation, by which means 
the salts of ammonium are destroyed. Take up the residue with nitric acid, evapo- 
rate to dryness, and add lo cc. of perchloric acid in the same manner as in the 
treatment of a chloride. 

Evaporate again until white fumes of perchloric acid are driven off, and wash 
as in the case above, with 95 per cent alcohol saturated with potassium perchlorate. 
Since in this case there is no insoluble residue other than the perchlorate, it is 
sufficient to dissolve, after the washing, with a very small quantity of boiling water, 
which is passed through the filter, receiving the liquids in a small weighed porcelain 
dish; evaporate to dryness, cool, weigh, and multiply by 33.90 to obtain the per- 
centage of potash in the material. 

Complete fertiliser containing organic nitrogen, salts of ammonia, super- 
phosphate, and potash in the form of chloride or sulfate. — Mix intimately, in a 
mortar, 5 grams of the substance with one gram of hydrated lime. Transfer to a 
porcelain di.sh and moisten the mass with a few drops of water. Desiccate and 
calcine slowly, at a low temperature (not exceeding a dark red). Take up the resi- 
due with a small quantity of boiling water, filter, and wash with boiling water in 
such amount that the whole volume of collected liquid in which the potash is 
dissolved is about 80 cc. Add to this liquid a slight excess of baryta water. Sepa- 
rate the excess barium by adding a concentrated ammonium carbonate solution, 
avoiding too great an excess. Boil, filter, wash, evaporate to a small volume, and 
treat several times with aqua regia containing hydrochloric acid, evaporating 
each time, and finally complete the process as in the preceding analysis of sulfate 
of potash. Multiply the final weight by 0.339 and by 20 (since 5 grams of the 
substance was used), thus obtaining the percentage of potash. When the fertilizer 
to be analyzed is very rich in potash, use 2 grams instead of 5 grams as directed 
above. 

(b) RBDUCBD PLATINUM MBTHOD (CORBNWINDBR AND CONTAMINR) 

The reduced platinum method is applicable to potash salts and to mixed 
fertilizers if they do not contain ammonia. If ammonia is present, it is 
necessary to heat the substance first to a red heat to eliminate the am- 
monium salts, taking care however not to rai.se the temperature too high, 
nor to heat too long, as this would volatilize the potassium salts. 

Dissolve 25 grams of the material, which has been previously calcined or not, 
depending on the presence or absence of ammonium salts, in boiling water; cool; 
make up to a liter and mix. Filter and acidify 20 cc. of the filtrate, equivalent to 
as gram of the material, with hydrochloric acid. Evaporate to dryness in a tared 
porcelain evaporating dish and weigh the residue in order to be able to calculate 
the amount of chloroplatinic add solution required; l cc. of solution is required 
for each decigram of residue. Use a chloroplatinic acid solution containing 17 grams 
of platinum in 100 cc. 

Evaporate the mixture to a sirupy consistency on a water bath, placing a disk 
of cardboard between the dish and the metal ring of the bath to prevent the temper* 
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ature from rising above lOO®. Avoid complete desiccation. Cool, add 15 cc. of 95 
per cent alcohol, and digest for at least 6 hours under an inverted bell jar. After 
6 hours or more stir several times with a rod, decant the supernatant liquid onto 
a small filter, and wash the residue with alcohol until the washings are completely 
colorless. Decant all the wash liquid onto the filter. Treat the material remain- 
ing in the dish with boiling water, pouring the liquid upon the same filter, until all 
the chloroplatinate is dissolved; repeat the operation until the liquid which passes 
through, as well as the filter itself, is completely colorless. Receive the chloro- 
platinate solution in a Bohemian glass dish, heat to boiling on a sand bath, and add 
a 10 per cent solution of sodium formate in successive small portions; remove the 
dish from the heat if the reaction is very strong but replace it before adding the 
next portion. Continue adding the sodium formate until the solution is completely 
decolorized, precipitating the platinum in the metallic state as a fine black powder. 

Instead of adding the sodium formate to the chloroplatinate solution, the latter 
may be filtered directly into 50 cc. of boiling formate solution in a Bohemian glass 
dish, care being taken to avoid spattering. 

Evaporate the liquid to about one-half its volume, in order to coagulate the 
precipitate; pour onto a small filter, and transfer the platinum which has collected 
in the bottom of the dish to the same filter by means of cold 10 per cent hydro- 
chloric acid solution. When all the platinum is on the filter, complete the washing 
with boiling water. If any platinum passes through the filter (which is recogniz- 
able by a gray metallic tint imparted to the filtrate), let the filtrate stand until the 
following day and after decanting the clear supernatant liquid transfer to the filter the 
small deposit that may have formed, using for this purpose the necessary amount 
of cold water. 

Dry the filter, calcine at red heat, weigh, and deduct the filter paper ash, there- 
by obtaining the amount of platinum equivalent to the potash contained in 5 grams 
of the material analyzed. Multiply this weight by 0.477 and by 200 to obtain the 
percentage of potash. 

<c) the: PI4ATIHUM MEITHOD (CLASSICAL PROCEDURE:) 

Potash Sa/fJ.— Weigh 5 grams of the substance and place in a flat-bottomed 
500 cc. volumetric flask. Add 125 to 150 cc. of water and boil. While boiling, add 
dropwise, a solution of barium chloride (by proceeding with care it is possible to 
avoid more than a slight excess). Since, in general, the quantity of barium sulfate 
precipitate is small, it is rarely necessary to filter except when dealing with potas- 
sium sulfate. 

Allow the solution to cool and dilute to 500 cc. When completely clear, evaporate 
50 cc. (equivalent to Yz gram of the substance), in a porcelain evaporating dish 
with a concentrated chloroplatinic acid solution (17 grams of platinum in 100 cc.). 
Assuming that all the substance is potassium chloride 6 cc. of platinum solution 
will be sufficient. Evaporate to a sirupy consistency on a water bath, placing the 
dish on an asbestos cardboard disk, which should overlap the metallic ring of the 
bath. 

Add 95 per cent alcohol and let stand under a bell jar for several hours. Then 
decant the liquid onto two filter papers of equal weight placed one inside the other. 
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Wash the precipitate with a mixture of equal parts of water and alcohol, passing 
the washing through the same filters, and continue washing until the liquid comes 
through clear. (It is not wise to prolong the washing since the precipitate is some- 
what soluble.) 

Dry the precipitate at 90°. Weigh, with the empty filter on the weight pan of 
the scales, and multiply the weight obtained by 0.193 and by 200 to obtain the per- 
centage of potash. 

Complete Fertilizer . — Calcine 5 grams of the substance at a red heat without 
unduly prolonging the operation. Treat the ash with hot water; shake well and 
digest for a time. Filter and wash, collecting all the resulting liquids. 

Add a small excess of baryta water to the filtrate (to make certain treat a 
small portion of the clear liquid, in a test tube, with baryta water to see that it 
produces no precipitate). Filter and wash, collecting all liquids. Add an excess 
of ammonium carbonate solution (proceeding as before to make sure of an excess 
of this reagent). Boil, filter and wash. Evaporate to dryness in a platinum dish. 
Cover the dry product in the dish with 4 or 5 grams of powdered oxalic acid and 
moisten the whole with a few drops of water. Cover with a funnel, and heat again 
on a sand bath, adding a few drops of water at intervals to avoid the formation 
of a crust. 

Continue to heat at a higher temperature until all gases are driven off and 
finally bring the dish for an instant to a red heat. Treat the residue with a small 
quantity of hot water, shake well, and rub off the particles which may adhere to 
the dish. Repeat this operation, with small quantities of hot water collecting all 
the material on a small filter. Wash the filter, using the same precautions, and 
collect all the liquids in a small, exactly tared, porcelain dish. Add hydrochloric 
acid dropwise to the filtered solution until it gives an acid reaction. Evaporate to 
dryness, allow to cool, and weigh the mixture of chlorides thus obtained. Treat the 
mixture with just sufficient water to dissolve the salts. Add a concentrated solu- 
tion of chloroplatinic acid. (One cc. of platinum solution suffices for o.i gram of 
the mixture of chlorides.) 

Evaporate to a sirupy consistency on a water bath, using a cardboard disk as 
before. Add 95 per cent alcohol and proceed as under potash salts. 

Multiply the weight obtained by 0.193 and by 20 to obtain the percentage of 
potash in the fertilizer. 


Germany^ 

Potassium is determined by the platinum or perchlorate method, but the 
latter is more generally used. It has the advantage over the platinum 
method in that it permits an easier handling of sulfates. The perchlorates 
of sodium, calcium, magnesium and barium are soluble in alcohol so that 
the use of a small excess of barium chloride for precipitating the sulfuric 
acid of the sulfates does no harm. In the platinum method, however, even 
a small excess of barium chloride is to be avoided. The sulfuric acid of 

^ Metfaoden zur Untersuchung der Kunstdungemittel. Verein Deutsefaer Hunger Fabrikanten, 
Braunschweig, 1925. 
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the sulfates is precipitated from the boiling salt solution by the dropwise 
addition of barium chloride from a buret. The end of the precipitation 
can be told very accurately by the addition of a small crystal of barium 
chloride to the solution that has become clear by settling, giving no tur- 
bidity. In the platinum method any slight excess of barium chloride should 
be eliminated in every case by the addition of a few drops of dilute sul- 
furic acid. 


PI.ATIIVVM MCTHOI) 

RKACENTS 

1. Chloroplatinic acid . — 10 cc. of solution, sp. pr. 1.18, should contain i j?ram 
of platinum. Make certain that the solution contains neither platinous chloride nor 
oxidized nitrogen compounds. 

2. Barium chloride . — Dissolve 122 grams of crystalline barium chloride in 
water to which has been added 50 cc. of concentrated hydrochloric acid made up 
to I liter with water. 

3. Alcohol . — For washing the potassium chloroplatinate use alcohol that is at 
least 96 per cent by weight. 


1>KTI:RM /NATION 

Evaporate in a shallow porcelain dish of about 10 cm. diameter, on a water 
bath, with frequent swirling, an aliquot portion of the salt solution or of the fil- 
trate from the barium sulfate precipitation with 6 cc. of chloroplatinic acid solu- 
tion. The evaporation can be carried to dryness without danger since in addition 
to the potassium chloroplatinate the corresponding sodium compound is chiefly 
present and it is more readily dissolved by alcohol in the absence of water than in 
its presence. Rub the dry residue from the evaporation carefully with a glass 
pestle, and stir thoroughly with 20-25 cc. of alcohol of at least 96 per cent by weight. 
Pour the washings through a filter paper that has been moistened with alcohol, dried 
to constant weight at I20°-I3o'’, — for which an hour is usually suificient — and 
weighed warm, taking care that the liquid does not touch the rim of the paper; 
repeat the stirring with alcohol several times, pouring each time upon the filter 
paper, and transfer the precipitate to the filter. The filtration can be hastened by 
the use of moderate suction. A very rapid washing of the potassium chloroplati- 
nate can be made by the use of hot alcohol. Free the filter paper and the precipi- 
tate from alcohol as completely as possible by suction and by pressing between filter 
paper and dry to constant weight at I20°-'I30®, 20 minutes is usually sufficient time, 
and weigh warm. The use of the Gooch crucible has unmistakable advantage over 
the filter paper. 

PS3RCHL.ORATE METHOD 

REAGENTS 

I. Perchloric acid. — Sp. gr. 1.125 = 20 per cent HCIO*. It must be free from 
sti^furic acid. No turbidity should api>ear on the addition of either barium chloride 
or alcohol. 
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2. Barium chloride , — ^As described above. 

3. Alcohol , — Alcohol that is 96 per cent by weight and alcohol containing 0.2 
per cent of HCIO#. Add 10 cc. of perchloric acid, sp. gr. 1.125 to a liter of alcohol. 

DETERMINATION 

Evaporate with perchloric acid in a shallow, dark blue, glazed porcelain dish 
of about 10 cm. diameter on a water bath an aliquot portion of the salt solution or 
of the filtrate from the barium sulfate precipitation until the odor of hydrochloric 
acid disappears and white fumes of peachloric acid are evolved. Allow to cool, 
cover the residue from the evaporation with 20 cc. of 96 per cent alcohol, and 
triturate thoroughly. Allow to stand a short time and filter the liquid standing 
over the potassium perchlorate through a filter or a Gooch crucible. Repeat the 
trituration of the potassium perchlorate twice more, not with pure alcohol but with 
alcohol to which has been added 0.2 per cent of perchloric acid. Wash the residue 
onto a filter paper or into a crucible and wash with perchloric acid alcohol. Finally, 
in order to free the filter and precipitate from perchloric acid, wash with a small 
amount of pure alcohol. Dry the filter and precipitate to constant weight at 120®- 
130®, for which 20 minutes is usually sufficient, and weigh. 

preparation op the solution 

Take a large sample, at least 0.5 kg., and grind it in a mill or mortar until it 
completely passes a i mm. sieve ; never reject pieces that are difficult to reduce. In 
order to avoid calculation of the percentage content from the weight of the pre- 
cipitate in each analysis, weigh out such an amount of the salt to be analyzed that 
its weight in grams is a multiple of the gravimetric factor. The factors of the 
platinum method have been experimentally determined. It makes no difference 
whether the potash salts are dissolved in pure water or in water containing hydro- 
chloric acid, but since hydrochloric acid must be added to the solution before pre- 
cipitating the sulfuric acid, the acid may as well be added at the time the salts are 
dissolved. 


A, Crude Potash Salts 

CARNAI^LITB, KAlNITBt STliTlBTlTBt HARTSALZ, BBROKIKSRRITR 

Platinum method.-^ (a) Dissolve 9.655 grams of the sample in a 500 cc. flask 
with 300 cc. of boiling water to which has been added 20 cc. of concentrated hydro- 
chloric acid. Add barium chloride (see above), cool, make up to 500 cc., and filter. 
Evaporate 10 cc. of the filtrate (= 0.1931 gram) with 4 cc. of chloroplatinic acid 
solution. I mg. K»PtCU = 0.1 per cent KiO. 

(b) Dissolve 7-640 grams of the sample in a 500 cc. flask, etc. Use 20 cc. of 
the filtrate (= 0.3056 gram) with 6 cc. of chloroplatinic acid solution. 1 mg. 
KftPtClt = o.i per cent KCI. 

Perchlorate method, — (a) Dissolve 848B grams of the sample in a 500%c. 
flask with 300 cc. of boiling water to which has been added 20 cc. of concentrated 
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hydrochloric acid. Precipitate the sulfuric acid and make up to 500 cc. Evaporate 
20 cc. of the filtrate (= 0.3399 gram) with 5 cc. of perchloric acid, i mg. 
KCIO4 = 0.1 per cent KaO. 

(b) Dissolve 13.4525 grams of sample as under (a). Evaporate 20 cc. of the 
filtrate (= 0.5381 gram) with 8 cc. of perchloric acid, i mg. KCIO4 = o.i per 
cent KCI. 


J 9 . Concentrated Potash Salts 

1. muriate: 

Platinum method. — Dissolve 7.640 grams of the sample, make up to 500 cc., etc. 
Evaporate 20 cc. of the filtrate with 6 cc. of chloroplatinic acid, i mg. KaPtCU = o.i 
per cent KCI. 

Perchlorate method. — Dissolve 13.4525 grams, make up to 500 cc., etc. Evapo- 
rate 20 cc. with 8 cc. of perchloric acid, i mg. KCIO4 = 0.1 per cent KCI. 

2. sulfate: of potash and sulfatr of potash and magne:sia 

Make the sulfate precipitation in a solution strongly acid with hydrochloric acid, 
in order to prevent, so far as possible, the carrying down of the potash by the 
barium sulfate. 

Platinum method. — Dissolve 8.9275 grams of the sample in a 500 cc. flask with 
300 cc. of boiling water, to which has been added 20 cc. of concentrated hydro- 
chloric acid. Precipitate the sulfuric acid as described above. Evaporate 20 cc. 
of the filtrate (= 0.3571 gram) with 6 cc. of chloroplatinic acid solution, i mg. 
KaPtCU = 0.1 per cent K2SO4. Add 0.3 per cent to the potassium sulfate content 
found in the sulfate of potash. No correction is necessary with the sulfate of potash 
and magnesia. 

Perchlorate method. — Dissolve 15.7218 grams of the sample in a liter flask with 
700 cc. of boiling water to which 30 cc. of hydrochloric acid has been added. Pre- 
cipitate the sulfuric acid and make up to a liter. Evaporate 40 cc. of the filtrate 
(= 0.6289 gram) with 8 cc, of perchloric acid, i mg. KCIO4 = 0.1 per cent K3SO4. 
In the case of sulfate of potash, add 0.3 per cent of potassium sulfate to the de- 
termined content. 

I 

C. Potash Salts 

Express content of the potash fertilizer salts in per cent K3O or KCI; make 
the analysis as for the crude potash salts. 

D. Mixed Fertilizers 

potash-suprrphosphate: and potash-ammonium 
superphosphate: mixtures 

Extract 20 grams of the substance twice by boiling with two 150 cc. portions 
of water. Transfer the solution to a liter flask and make up to the mark. Pre- 
cipitate 200 cc of the filtrate at boiling temperature in a 400 cc. flask, with barium 
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chloride. Treat with baryta water until an alkaline reaction is obtained, cool, and 
make up to 400 cc. ; mix by shaking and treat 200 cc. of the boiling filtrate with 
ammonium carbonate. Make up again to 400 cc. and filter. Evaporate 200 cc. 
(= I gram of the substance) in a platinum dish, dry at i3o“-i5o'’ and volatilize the 
ammonium salts by gentle ignition. Take up the residue with hot water, filter, and 
wash. Acidify the filtrate faintly with hydrochloric acid and evaporate with chloro- 
platinic acid, or with perchloric acid. 

ORGANIC MIXTURKS 

Ash 10 grams of the substance in a platinum dish and boil the residue with 50 
cc. of concentrated hydrochloric acid and a few drops of nitric acid in a 50a cc. 
flask for 30 minutes; cool, dilute, and precipitate with barium chloride. Make up to 
the mark and filter. Neutralize 50 cc. of the filtrate with ammonia and add am- 
monium carbonate. Bring to a boil, filter, and wa.sh. Transfer the solution to a 
platinum dish, evaporate, remove the ammonia salts by gentle ignition, etc. 

For mixed fertilizers compo.sed of many constituents, the following 
method of Finkener and Neuhauer^ is also recommended. In this method 
the precipitation of sulfuric acid with barium chloride is omitted and 
metallic platinum is weighed. 

Large quantities of organic matter are previously destroyed by careful 
ashing or by oxidation wdth nitric acid and sulfuric acid according to the 
method of Neumann. 

Boil 10 grams of the substance (or treat as above if necessary) for ^ hour 
in a 500 cc. volumetric flask with 300 cc. of water. Add a few drops of phenol- 
phthalein and treat with dilute pure milk of lime until a distinct red color appears. 
Continue to boil for a time in order to drive off the ammonia as completely as 
possible and thus render the phosphoric acid precipitation more complete. Cool, 
make up to the mark, mix the solution, and filter. Acidify 25 or 50 cc. of the 
filtrate faintly with hydrochloric acid and evaporate in a platinum dish. If nitrates 
are present, evaporate previously three times with a little hydrochloric acid in a 
glass or porcelain dish and then transfer to the platinum dish. Heat the residue 
in the platinum dish over a mushroom top burner, cautiously at first and then 
strongly enough to drive off the ammonia .salts. Digest the residue with very dilute 
hydrochloric acid, evaporate again if necessary, to get rid of silicic acid, filter into 
a porcelain dish, and wash. Add chloroplatinic acid and evaporate. Allow the 
resulting mass of salts to cool, moisten with 0.5 cc. of water and triturate with a 
glass rod. Add 35 cc. of alcohol in three equal portions and triturate thoroughly 
each time. Allow to stand one-half hour and filter through a Neubauer platinum 
sponge crucible and wash with alcohol. Dry the crucible, place over it a pierced 
porcelain cover equipped with an inlet tube and reduce the platinum salts by the 
introduction of illuminating gas. In doing this, first heat the crucible with a tiny 
flame and then increase the heat until the crucible is barely red. Heat 20 minutes, 

*Z. Anal. Chem,, 89 , 481 (1900); 46 , 311 (1907); Landw, Vert, Sta., W, 461 (190a). 
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turn off the gas, allow the crucible to cool, and moisten its contents thoroughly 
with cold water. Draw hot water through 15 times in order to remove the easily 
soluble salts. To remove the difficultly soluble salts (gypsum), submerge the cruci- 
ble to one-half its depth for one-half hour in hot 15-20 per cent nitric acid. Suck 
free of acid and wash thoroughly with hot water. Dry the crucible, ignite thor- 
oughly, cool, and weigh. The experimentally determined factor for platinum to 
potassium oxide is 0.48083. 


Great Britain^ 

Potash shall be determined by the perchloric acid method or, alternatively, by 
the platinum chloride method. 

(1) PBRCHI^ORIC ACID MBTHOD ^ 

(a) Salts of potash free from sulfates. — A weighed portion of the sample 
equivalent in potash content to i.S-2.0 grams of potash (K2O) shall he dissolved 
in water. The solution shall be filtered if necessary and made up to 500 ml. The 
potash shall be determined in 50 ml. of the solution by precipitation with perchloric 
acid, as prescribed in (i) (d). 

(b) Salts of potash containing sulfates. — (A) A weighed portion of the 
sample equivalent in potash content to 1.5-2.0 grams of potash (K2O) shall be 
boiled with 300 ml. of water to which 20 ml. of hydrochloric acid have been added. 
Barium chloride solution shall be cautiously added, drop by drop, to the boiling 
solution until the sulfuric acid is completely precipitated. The liquid shall be cooled, 
made up to 500 ml. and filtered, 50 ml. of the filtrate shall be taken and evaporated 
to dryness and shall then be moistened with concentrated hydrochloric acid, again 
evaporated to dryness, treated with a little dilute hydrochloric acid and filtered if 
necessary. The potash shall be determined by precipitation with perchloric acid 
as prescribed in (i) (d). 

If the solution contains phosphates, iron, manganese or other substances that 
would interfere with the determination of potash, the method prescribed in (i) (c) 
is to be used instead of the method prescribed in (i) (b). 

(B) Alternative method, — A weighed portion of the sample equivalent in 
potash content to i. 5-2.0 grams of potash (K2O) shall be boiled with 300 ml. of 
water, cooled, made up to 500 ml. and filtered. To 50 ml. of the filtrate, 30 ml. of 
a solution of sodium cobaltinitrite shall be added, the mixture stirred and 
allowed to stand for not lesfe than 2 hours. It shall then be filtered and washed 
with water containing a small amount of the cobaltinitrite solution. The pre- 
cipitate shall be dissolved in hot dilute hydrochloric acid and the solution filtered 
into a small porcelain dish and evaporated to dryness. The residue shall be dis- 
solved in water and the potash determined by precipitation with perchloric acid as 
prescribed in (i) (d). 

(c) Potash in guanos and mixed fertilisers. — (A) 10 grams of the sample 

shall be gently incinerated in order to char organic matter, if present, and shall 
then be heated for 10 minutes with 10 ml. of concentrated hydrochloric acid and 
finally boiled with 300 ml. of water. The liquid shall be filtered and raised to the 

* Statutory Rules and Orders No. 491 , 17-21 (1948). 
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boiling point, and powdered barium hydroxide shall be added until slightly alkaline. 
It shall then be cooled, made up to 500 ml. and filtered. Of the filtrate, 250 ml. 
shall be treated with ammonia solution and an excess of ammonium carbonate and 
then, while boiling, with a little powdered ammonium oxalate, cooled, made up to 
500 ml. and filtered. Of the filtrate, 100 ml. are to be evaporated in a porcelain 
dish to dryness. If desired, nitric acid may be added during the evaporation after 
free ammonia has been driven off. The residue is to be heated gently over a low 
flame till all ammonium salts are expelled, the temperature being carefully kept 
below that of low redness. The residue shall be moistened with concentrated hy- 
drochloric acid, evaporated to dryness, treated with dilute hydrochloric acid, and 
filtered. The potash shall be determined in the filtrate by precipitation with per- 
chloric acid as prescribed in (1) (d). 

(B) Alternative method . — xo grams of the sample shall be gently incinerated 
in order to char organic matter, if present, and shall then be heated for 10 minutes 
with 10 ml. of concentrated hydrochloric acid and finally boiled with 300 ml. of 
water. The liquid shall be filtered into a half-liter flask and the residue washed. 
The solution shall be made up to 500 ml., and 50 ml. shall be taken, boiled with 
solution of sodium nitrite to expel ammonium salts, if present, and evaporated to 
dryness. The residue shall be dissolved in water containing a little hydrochloric 
acid and sufficient sodium citrate added to prevent precipitation of phosphates. It 
shall then be mixed with 30 ml. of cobaltinitrite solution, in the manner described 
in (i) (b) (B) and the precipitate treated as therein directed. 

(d) Precipitation of potash as potassium perchlorate . — To the solution ob- 
tained as described in (i) (a), (b) or (c) and placed in a small glass or porcelain 
basin, about 7 ml. of a 20 per cent solution of perchloric acid (sp. gr. 1.125), free 
from chloric acid, shall be added. The basin shall be placed on a hot plate or sand 
bath and the contents evaporated until white fumes are copiously evolved. 

The precipitate shall be re-dissolved in hot water, a few drops of perchloric 
acid solution added and the whole concentrated again to the fuming stage. After 
being cooled, the residue in the basin shall be thoroughly stirred with 20 ml. of 
alcohol of sp. gr. 0.816-0.812 (95-96 per cent of alcohol by volume). The precipi- 
tate shall be allowed to settle, and the clear liquid shall be poured through a weighed 
or counterpoised filter paper, or through a Gooch crucible, the precipitate being 
drained from the liquid as completely as possible before adding the washing solu- 
tion. The precipitate shall be washed by decantation with alcohol (as above), satu- 
rated with potassium perchlorate at the temperature at which it is used, the wash- 
ings being poured through the paper or Gooch crucible on which the whole of the 
precipitate is finally collected, dried at 100® C., and weighed. The precipitate is to 
be regarded as KCIO4 and is to be calculated to its equivalent as K2O. 

(e) Preparation of the cobaltinitrite solution . — The cobaltinitrite solution shall 
be prepared as follows : 50 grains of cobalt nitrate and 300 grams of sodium nitrite 
shall be dissolved in water, acidified with 25 ml, of glacial acetic acid and diluted 
to a liter. The solution shall be filtered after standing 24 hours, and it is then ready 
for use. It must be kept in the dark. 
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( 2 > PLATlIffU]lf chloride: mbthod 

(a) Salts of potash free from sulfates. — weighed portion of the sample 
equivalent in potash content to i. 5-2.0 grams of potash (K2O) shall be dissolved in 
water; the solution shall be filtered if necessary and made up to 500 ml. The 
potash shall be determined in 50 ml. of the solution by the platinum chloride method 
prescribed in (a) (d). 

(b) Salts of potash containing sulfates. — A weighed portion of the sample 
equivalent in potash content to i. 5-2.0 grams of potash (K2O) shall be boiled with 
300 ml. of water to which 20 ml. of hydrochloric acid have been added. Barium 
chloride solution shall be cautiously added, drop by drop, to the boiling solution 
until the sulfuric acid is completely precipitated. Any slight excess of barium shall 
be removed by the addition of the least possible excess of dilute sulfuric acid. The 
liquid shall be cooled, made up to 500 ml., and filtered; 50 ml. of the filtrate shall 
be taken and evaporated to dryness and shall then be moistened with concentrated 
hydrochloric acid, again evaporated to dryness, treated with a little dilute hydro- 
chloric acid, and filtered if necessary. The potash shall be determined in the filtrate 
by the platinum chloride method, prescribed in (a) (d). 

If the solution contains phosphates, iron, manganese, magnesium or other sub- 
stances that would interfere with the determination of potash, the method prescribed 
in (a) (c) is to be used instead of the method prescribed in (a) (b). 

(c) Potash in guanos and mixed fertilizers. — 10 grams of the sample shall be 
gently incinerated in order to char organic matter, if present, and shall then be 
heated for 10 minutes with 10 ml. of concentrated hydrochloric acid and finally 
boiled with 300 ml. of water. The liquid shall be filtered and raised to the boiling 
point, and powdered barium hydroxide shall be added until slightly alkaline. It 
shall then be cooled, made up to 500 ml, and filtered. Of the filtrate, 250 ml. shall 
be treated with ammonia solution and an excess of ammonium carbonate and then, 
while boiling, with a little powdered ammonium oxalate; cooled; made up to 5C0 
ml. ; and filtered. Of the filtrate, 100 ml. are to be evaporated in a porcelain dish 
to dryness. If desired, nitric acid may be added during the evaporation, after free 
ammonia has been driven off. The residue is to be heated gently over a low flame 
till all ammonium salts are expelled, the temperature being carefully kept below that 
of low redness. The residue shall be moistened with concentrated hydrochloric 
acid, evaporated to dryness, treated with dilute hydrochloric acid, and filtered. The 
potash shall be determined in the filtrate by the platinum chloride method pre- 
scribed in (a) (d). 

(d) Precipitation of potash as potassium chloroplatinate. — To the solution ob- 
tained as described in (2) (a), (b) or (c), a few drops of hydrochloric acid shall 
be added, if none is present, and also 10 ml. or an excess of solution of platinum 
chloride containing 10 grams of platinum per 100 ml. After evaporation to a sirupy 
consistency on a water-bath, the contents of the basin shall be allowed to cool and 
shall then be treated with alcohol, sp. gr. 0.864, being washed by decantation until 
the alcohol is colorless. The washings shall be passed through a weighed or coun- 
terpoised filter paper, on which the precipitate shall be finally collected, washed with 
alcohol as above, dried at 100® C., and weighed. The precipitate is to be regarded 
as KsPtCli and is to be calculated to its equivalent as KtO. 
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Other Countries 

France.^ — Methods similar to the Spanish methods are used in France. 

Austria.^* ** — A perchlorate method similar to the German perchlorate 
method is used in Austria. 

Sweden.^ — Both the perchlorate and platinum methods are used. The 
former is similar to the German perchlorate method, but in the platinum 
method metallic platinum is weighed, reduction of the potassium chloro- 
platinate being accomplished with magnesium ribbon. 

Norway.^ — The perchlorate method is used in Norway. 

Denmark.” — A platinum method similar to the alternative method of 
the A. O. A. C. is used. 

India.*’ — The methods of India follow the official methods of the A. O. 
A. C. very closely. 

New Zealand.^ — A perchloric acid method like the German method is 
official in New Zealand. 

Ireland.*^ — Potash in fertilizers is determined by a perchlorate method 
and by weighing potassium chloroplatinate in a manner similar to the 
German method. 


* Methodes d’ Analyse des Kngrais. Ministere de rAgnculture» Paris, 1807. 

* Methodbuch Verband der Uandwirtschaftlichen Versuchsstationen im Osterreich, 1st ed., 
Wien, i 9 * 3 « 

* Kungl. L,antbruks»tyrelsens Kungorelse; aiigaende beslammelser for undersokning vid de 
med statsmedcl understodda kemiska stationema. Stockholm, 19-^7. 

^Analyse Av For-Og Gjdselstoffer ; Utarbeidet 1 Samarbeide Med Bestyrerne av Statens 
Eandbrukskjemiske Kontrollstasjoner. Kristiania, 1024. 

® Faelles Arbcjdsmetoder for Undersgelser foretagne i Medfr of Lov oni Handel med 
Gdnings=: og Foderstoffer, 1898. 

® Bulletin No. 164 of the Agricultural Research Institute, Pusa. Standard Methods of 
Analysis of Fertilizers. Calcutta, 1926. 

^ Regulations under the Fertilizers Act, 1927. New Zealand Gazette, No. 74, October 4, 1928. 

** The Fertilizers and Feeding Stuffs Regulations (Methods of Analysis, Ireland), 1918. 
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MISCELLANEOUS FERTILIZERS AND SOIL 
AMENDMENTS 

By J. S. McHakguk, PhJ)., Research Chemist, Division of Che^uistry, 
Agricultural Experiment Station, Lexington^ Kentucky 

Certain materials, which have an indirect fertilizer effect, are often 
added to the soil to increase its productivity. Such fertilizer materials 
have a beneficial effect on the growth of plants by supplying a needed 
plant nutrient and by producing ])hysical and chemical changes in the soil 
that are favorable for increased activities of the micro-organisms. 

I.— UMING MATERIALS 

Liming materials are used to neutralize acidity in the soil. Calcium is 
the principal constituent, but magnesium is often i)resent. Calcium occurs 
fifth in the order of abundance among the 8o or more chemical elements 
that are components of the earth’s crust. The principal forms in which 
calcium compounds occur are calcite, limestone, dolomite, marl, marble 
and gyi)sum ; the shells of fresh water and marine mollusks ; the skeletons 
of animals; phosphate rock, fluorspar, and silicates of calcium. Liming 
materials are obtained directly from some of these compounds or they are 
produced as by-products or as waste materials. They include caustic lime, 
hydrated lime, precipitated calcium carbonate, basic slag, gas lime, tannery 
lime, nitrolime, limekiln ashes, calcite and marble waste. 

MATERIALS CONTAINING CALCIUM CARBONATE 

Calcite, Calc Spar, CaCOjt, is the purest form of calcium carbonate oc- 
curring in nature. The mineral calcite is of common occurrence in lime- 
stone rocks, and relatively pure crystalline deposits are frequently found 
in cracks and seams in limestone strata, also in caverns as stalactite and 
stalagmite deposits. Calcite is easily recognized by its colorless or clear, 
crystalline form, peculiar cleavage and softness and by its solubility in 
acids with vigorous effervescence. 

The better grade of calcite has several commercial uses which make it 
too valuable a material to be used for liming the soil when other cheaj)er 
but less pure forms of calcium carbonate can be used as well. How- 
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ever calcite refuse accumulates in considerable quantity from the mining 
of more valuable minerals and forms a very satisfactory liming ma- 
terial. Calcite is also the principal mineral constituent of crystalline 
limestone. 

limestones. — Numerous high and medium grade deposits of readily 
accessible limestone rocks, which are suitable for liming material when 
ground to the proper fineness, occur in various parts of this country. 
During the past 25 years the use of ground limestone for liming acid soils 
in the humid portions of this country has been greatly extended. This 
increase in the use of limestone over burned lime, which was formerly 
the principal liming material used for the neutralization of acidity in 
soils, has resulted from a more extensive growing of leguminous crops 
and also from a decrease of the available supply of wood as a fuel for 
burning limestone to lime. It is also due to the development of better 
roads, and machinery for grinding and spreading ground limestone and 
marl. Then, too, it has been demonstrated that in most instances ground 
limestone is a more satisfactory and convenient liming material than is 
caustic lime. 

Limestones vary considerably in their content of calcium carbonate. 
The oolitic and crystalline stones are the purest; they often contain as 
much as 98 per cent of calcium carbonate, as well as a small quantity of 
magnesium carbonate. Such high-grade limestones, however, have other 
industrial uses, and when favorably located with respect to transportation, 
they may command a price that prohibits their use as a liming material. 
Limestones that have a combined percentage of calcium and magnesium 
carbonates, i, e,, neutralizing power, ranging from 80 to 100 per cent, may 
be considered satisfactory material for agricultural use, and except for 
very short hauls it might not be profitable to transport material contain- 
ing less than 80 per cent of calcium carbonate and magnesium carbonate. 

Dolomitic limestone. — The theoretical composition of dolomite is 54.3 
per cent of calcium carbonate and 45.7 per cent of magnesium carbonate. 
These limestones have a flinty fracture, and their characteristic density 
and hardness render them more difficult to grind than limestones that 
contain only a small proportion of magnesium carbonate. A dolomitic 
limestone can be readily recognized by the comparative slowness with 
which it dissolves in cold, dilute hydrochloric acid. Owing to the longer 
time required for the solution of dolomitic limestone in dilute mineral 
acids, the question may be raised as to whether or not such limestone, 
when applied to the soil at the same rate as non-magnesian stone, will be 
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as effective in neutralizing soil acidity, or whether it will exert any de- 
leterious effect on the growth of plants. In experiments conducted by 
Blair^ at the New Jersey Experiment Station over a period of 15 years 
with several kinds of forage crops and vegetables grown on plots limed 
with non-magnesian limestone in comparison with other crops grown on 
similar adjacent plots limed with an equal amount of dolomitic limestone, 
the dolomitic limestone gave as good results on most of the crops as the 
non-magnesian stone, and in some instances the crop yields on the dolo- 
mitic limed plots were greater than those produced on the non-magnesian 
limed plots. Experiments conducted by Kelly^ and other investigators® 
are in accord with these findings. The seeds and tissues of plants con- 
tain a considerable amount of magnesium. Therefore it is not unreason- 
able to expect that a soil deficient in calcium might also be deficient in 
magnesium. 

Marl.— Marl is an earthy or clay-like material containing a consider- 
able proportion of calcium carbonate and sometimes magnesium car- 
bonate. The calcium content may vary from 5 to over 95 per cent. 
Since marl requires no grinding, it is a cheap source of a liming material. 
However, most marl beds contain too large a proportion of impurities to 
permit of any but local use. The principal advantage of marl over ground 
limestone of the same calcium carbonate content is that it occurs naturally 
in a finely divided state, or it is so soft that it disintegrates when exposed 
to the weather, and therefore it is only necessary to transport and dis- 
tribute it on the soil. The particles resulting from the disintegration of 
marl are usually as small as the smallest particles in ground limestone. 
It may be more economical to transport a short distance and distribute a 
low-grade marl than it would be to grind, transport and distribute a high- 
grade limestone the same or a greater distance. Marls may contain con- 
siderable magnesium or be relatively free from it ; they may also contain 
small amounts of phosphorus, potassium and manganese. 

Shells. — ^The shells of mussels, clams and oysters are relatively pure 
forms of calcium carbonate and yield, upon burning, a high-grade lime; 
when ground moderately fine they afford an excellent liming material. 
Small quantities of organic matter, magnesium carbonate and phosphorus 
are also usually present, and oyster shells may contain traces of fluorine, 
copper and zinc. Ground shell is prepared in large quantities for use 


*/. Am, Soc, Agron,, 13 ( 1921 ). 

B, 285 (19x7). 

* Rhode Island State College Bnll., 13 ( 1918 ), No. 4 , p. 39. 
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in the poultry industry. The neutralizing value of ground shell is de- 
termined by the method described later for limestone. This procedure, 
however, gives slightly low results unless the organic matter is burned out 
of the sample before it is treated with acid. 

MATERIALS CONTAINING OXIDE AND HYDROXIDE OF CALCIUM 

Calcium Oxide, CaO (lime, ftuicklime). — From the standpoint of pure 
chemistry the term ‘‘lime'' should apply only to fresh and well-burned 
calcium oxide. In recent years, however, a tendency to use the term 
“lime" in its application to agriculture in a loose way has been evident. 
For example, the phrase “liming the soil" has come to mean the applica- 
tion of either quicklime, slaked lime, limestone, marl, shells or gypsum. 

In earlier times, when it became desirable to neutralize acid soils with 
lime, the freshly burned oxide was usually transported to the field and 
deposited in small heaps, which were then covered with soil and allowed 
to remain undisturbed until the slaking process was complete. The 
slaked heaps were then spread over the soil by means of hand shovels. 
At the present time air-slaked lime is usually spread on the soil by means 
of a mechanical spreader. Quicklime becomes hydrated very speedily 
in the soil, and then changes to carbonate slowly by combining with car- 
bon dioxide. 

Calcium oxide or the hydrate is to be preferred to calcium carbonate 
only when quick action in neutralizing a free acid or aiding in the decom- 
position of organic matter is the principal object in view, or in localities 
where a long haul makes the more concentrated form cheaper. In a soil 
rich in ammonia compounds the finely pulverized limestone is preferable 
because it avoids the loss of nitrogen. If the final effect desired is only 
the improvement of the physical properties of the soil and the promotion 
of nitrification, there is not much difference in the effects produced by 
calcium oxide and ground limestone. 

Hydrated lime. — When water is added to quicklime it combines to 
form calcium hydroxide, according to the equation CaO -f* HgO = 
Ca(OH)2. If the lime is relatively pure, it will absorb approximately 
32.0 per cent of its own weight of water. In recent years mechanical 
means of hydrating lime have been introduced, whereby it is treated with 
just enough water to form the hydrate. Lime hydrated by this method 
is a fine, dry powder, practically all of which will pass a loo-mesh screen. 
It is packed in paper bags or cloth sacks and will keep indefinitely. This 
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form of lime is well suited for agricultural purposes and is being used to 
some extent in regions more or less remote from limestone deposits, be- 
cause it can be transported in small quantities and it is not subject to the 
fire hazards of quicklime. 

Q-as Waste. — Slaked lime is used to absorb hydrogen sulfide, carbon 
dioxide and other impurities from gas produced by the destructive dis- 
tillation of coal. The spent product contains the equivalent of about 34 
per cent of calcium oxide in the form of calcium carbonate and calcium 
hydroxide. It also contains much sulfide, sulfite, thiosulfate, thiocyanate 
and cyanide. Gas lime should be exposed to the air for some time to allow 
the sulfur compounds to undergo oxidation before it is applied to the 
soil. 

Tannery Waste. — A thick emulsion of hydrated lime is used in the 
manufacture of leather to remove the hair from hides. The spent material 
consists of a mixture of calcium carbonate and calcium hydroxide, and 
it is sometimes used for liming the soil in the vicinity of tanneries. 

By-product liming materials should be tested for the presence of sub- 
stances that might be injurious to the growth of plants. Such substances 
will include metallic sulfides, sulfurous acid, thiocyanates, cyanides, di- 
cyandiamide and metallic salts. To determine whether any injurious 
substances are ])resent in liming materials of by-])roduct origin it is best to 
make a small-scale vegetation test as follows: Mix about 300 grams of 
medium heavy soil with 2-4 grams of the material; place in small glass 
vessels of about 10 cm. diameter, moisten, and in each plant about 30 
grains of seeds of good viability. As a check, use the same soil alone or 
mixed with lime known to be non-objectionable. Observe the growth of 
the plants for about 14 days. Their behavior, according to H. Neubauer,’ 
easily discloses the presence of injurious substances. 

The degree of purity of caustic liming materials can be judged to some 
extent by the color of the burned lime. A snow-white appearance in- 
dicates a relatively pure product, but a brownish-yellow cast suggests 
that impurities, including iron, manganese and probably considerable mag- 
nesium, may be present. 

INDICATIONS THAT A SOIL NEEDS LIMING 

A decided acid reaction and failure to grow red clover are good in- 
dications that a soil needs liming. Calcium carbonate dissolves in water 
free from carbon dioxide rather sparingly, about 13 mg. per liter. How- 


* Methoden zur Bestimmung dcr Zusammensetzimg der Nahrungsmittcl der Pflanzen. 
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ever, when water is saturated with carbon dioxide the solubility of pure 
calcium carbonate increases thirty-fold, or about 390 mg. per liter. Rain 
carries the carbon dioxide of the air into the soil, which also contains 
a considerable amount of this gas, and as the carbonated water percolates 
soil containing calcium and magnesium carbonates, the soluble bicar- 
bonates of calcium and magnesium are formed. They are removed from 
the soil in the drainage water. CaCOj + H2CO3 = Ca(HC03)2, 

MgCOa + H2CO3 = Mg(HC 03 ),. 

It is apparent, therefore, that calcium and magnesium carbonates leach 
from the soil rather rapidly, and it is probably better to make small ap- 
plications of one to two tons of limestone per acre frequently than to 
apply larger quantities occasionally. It has been estimated that under 
ordinary conditions of practical farming the average loss of calcium in 
the soil may amount to as much as 1,000 pounds of calcium carbonate 
per acre annually. Leguminous crops remove considerable quantities of 
calcium from the soil. Red clover and alfalfa remove approximately 100 
pounds of calcium carbonate per ton of the dry plant material. In humid 
regions, therefore, it is necessary to replace calcium in the soil at regular 
intervals by the addition of some form of the carbonate or oxide. 

ANALYSIS OF LIMING MATERIALS 

Moisture. — Weigh 0.5 gram of the finely pulverized material into a 15 cc. plat- 
inum crucible, heat for 2 hours at 100° C., cool in a desiccator, and reweigh to de- 
termine the percentage of moisture. 

Loss on l^ition. — Heat the covered crucible containing the residue from the 
moisture determination at a moderate red for a few minutes, ignite with a blast 
burner for 15 minutes, cool in a desiccator, and reweigh to determine the loss on 
ignition. 

Insoluble Material. — Transfer the crucible containing the ignited residue to a 
250 cc. porcelain evaporating dish, add hydrochloric acid until the lime is 

dissolved, and then add a few cubic centimeters of acid in excess. Rinse the con- 
tents of the crucible into the evaporating dish, evaporate to dryness on a hot water 
bath, and continue to dry on a sand bath until hydrochloric acid is no longer evolved. 
Cool the dish, add 5 cc. of hydrochloric acid (l + i) to the dry residue, and heat 
for a few minutes on a hot water bath. Then add 25 cc. of hot distilled water and 
continue the digestion with stirring for about 10 minutes. Filter, and wash the in- 
soluble residue on a quantitative filter, ignite, weigh, and calculate the percentage 
of insoluble material. 

Iron and AlumiuTiin Oxides. — Dilute the filtrate from the insoluble material to 
about 150 cc., heat to near the boiling point, add a slight excess of ammonia, and 
continue to heat the beaker for about 5 minutes on the hot water bath. Filter the 
precipitate and wash thoroughly. Dry, ignite the paper and its contents, and weigh. 
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This precipitate represents ferric and aluminum oxides and traces of phosphorus. 
Subtract the weight of the PaOs, as determined by the procedure described below, 
to obtain the weight of the AlaOt + FiO». To determine iron, fuse the residue 
with potassium bisulfate in a platinum crucible. Dissolve the fused mass by heat- 
ing with 50 cc. of water and 10 cc. of sulfuric acid (i + i), reduce the iron with 
pure zinc, and titrate with 0,1 N potassium permanganate. Subtract the weight of 
FeaO* from the weight of the AlaO* -f- FeaO# to obtain the weight of AlaOa. 

Calcium. — Evaporate the filtrate from the iron and aluminum precipitate to a 
volume of about 200 cc,, heat to near the boiling point, and while stirring pre- 
cipitate calcium with the addition of an excess of hot ammonium oxalate. Con- 
tinue to heat the beaker containing the oxalate precipitate on the water bath for 
about I hour with occasional stirring. Then set the beaker aside and allow it to 
cool to room temperature. Filter the calcium oxalate and wash. Transfer the 
precipitate to the same beaker and dissolve it in an excess of hot dilute hydrochloric 
acid. Dilute to about 150 cc. and add a few drops of ammonium oxalate and am- 
monia in slight excess, stirring in the meantime. Continue the stirring and heating 
on the water bath until the calcium oxalate has a granular form and settles quickly 
after being stirred. Filter the precipitate on a paper or an asbestos pad, in case 
the precipitate is on paper, thoroughly wash, and strongly ignite to a constant weight 
in a platinum crucible and calculate the percentage of calcium oxide. 

For a volumetric determination of the calcium, filter the oxalate on an asbestos 
pad, wash pad and precipitate thoroughly with hot water, transfer to a 500 cc. Erlen- 
meyer flask with about 300 cc. of hot water, and add sufficient sulfuric acid (l i) 
to dissolve the calcium oxalate. Heat to near the boiling point, titrate with a solu- 
tion of o.i N potassium permanganate, i cc. of which equals 0.002805 gram of 
calcium oxide, and calculate the percentage of calcium oxide. 

Magnesia. — To the combined washings from the calcium oxalate precipitate, 
add 10 cc. of concentrated nitric acid and evaporate to dryness. Take up the residue 
in a few cubic centimeters of hydrochloric acid and water, transfer to a 100 cc. 
beaker, make alkaline with ammonia, cool, and precipitate magnesium with a slight 
excess of sodium phosphate solution and with vigorous stirring. Make the solution 
strongly ammoniacal and allow to stand for about 6 hours under a bell jar, then 
filter the precipitate on a quantitative filter paper, wash with a dilute solution of 
ammonia, ignite strongly in a porcelain crucible, weigh as magnesium pyrophosphate, 
and calculate the percentage of magnesium oxide. Dissolve the magnesium pyro- 
phosphate precipitate in nitric acid and test for manganese with periodate; if pres- 
ent, determine by the periodate method as described below and make correction. 

Manganese. — Limestones contain an appreciable amount of manganese, 
which is determined as follows : 

Weigh 5 grams of the finely powdered limestone into a platinum or porcelain 
crucible and ignite to destroy organic matter; cool, dissolve by the addition of an 
excess of nitric acid (i-fl) and a few cubic centimeters of hydrogen peroxide, 
transfer to a 150 cc. beaker, and boil. Filter out and wash the insoluble residue. 
Transfer the filtrate to a 150 cc. Erlenmeyer flask, add 5 cc. of concentrated nitric 
add and about 0.01 gram of potassium periodate, and boil until the permanganic acid 
color develops; continue to heat on the water bath for i hour, cool, make to a 
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definite volume, remove an aliquot and compare with a manganese standard in 
Nessler tubes or a colorimeter. 

Prepare the standard permanganate solution as follows : Dissolve 0.2877 gram 
of pure potassium permanganate in a small quantity of water, add an excess of 
sulfuric acid, reduce carefully with hydrogen peroxide, and make up to i liter. 
One cubic centimeter of this solution is equivalent to o.i mg. of manganese. To 
develop the permanganate color add, in a measured portion of the standard, a small 
quantity of potassium periodate and boil as with the sample. 

Copper. — The small quantities of copper and zinc that occur in lime- 
stones can be determined as follows : 

Dissolve 1000 grams of freshly broken stone in pure hydrochloric acid, dilute 
to a volume of about 6 liters, heat to near the boiling point, make the solution dis- 
tinctly alkaline with ammonia, and saturate it with hydrogen sulfide. After allow- 
ing the combined sulfides of iron, copper and zinc and the aluminum hydroxide to 
settle, syphon off the clear supernatant solution, filter, and wash the black precipi- 
tate with dilute ammonium sulfide to free it from calcium chloride. Then transfer 
the filter containing the precipitate to a porcelain dish and dissolve the iron and 
zinc sulfides and aluminum hydroxide by the addition of 0.25 M hydrochloric acid, 
stirring and macerating the filter until only a small black precipitate of coi4)er sul- 
fide, adsorbed for the most part on the filter paper, remains. Filter the paper pulp 
out, wash, dry and ash; dissolve the ash in hydrochloric acid, precipitate iron and 
aluminum with the addition of ammonia, filter, and wash. Evaporate the filtrate 
to dryness, and take up in a few drops of hydrochloric acid. Make the solution 
to about 50 cc., precipitate the copper with hydrogen sulfide, filter, wash, and ignite. 
Dissolve the copper oxide in a few drops of nitric acid, filter, wash, and evaporate 
the filtrate to dryness in a small porcelain dish. Dissolve the residue in a small 
drop of dilute nitric acid, make to a volume of 50 cc., and mix. Transfer to a 
Nessler jar 10 cc. of the copper solution and 10 cc. of a fre.sh o.i per cent water 
solution of potassium ethyl xanthate, dilute to 25 cc. with water, and mix. Then 
transfer to a second Nessler jar 10 cc. of the xanthate solution and dilute to a 
volume of about 15 cc. ; add a solution of copper nitrate containing 0.0001 gram of 
copper per cubic centimeter dropwise, mixing with a glass stirring rod until the 
color in the standard tube matches the color in the tube containing the sample. Di- 
lute the volume with water to 25 cc. and make the final adjustment of the color 
by the addition of a few drops of the standard copper solution, noting the quantity 
of the copper solution required to match the sample, and calailate the percentage 
of copper. 

Zinc. — Boil the solution containing the principal part of the iron, aluminum 
and zinc with 10 cc. of strong nitric acid to oxidize ferrous compounds. Precipitate 
the iron and aluminum by the addition of ammonia, filter, and wash. Discard the 
precipitate. Evaporate the filtrate to a small volume, acidify with acetic acid, and 
precipitate the zinc with hydrogen sulfide. Filter the precipitate, and ab.sorb on a 
pad of paper pulp ; then wash with a dilute solution of ammonium acetate saturated 
with hydrogen sulfide, and burn. Dissolve the zinc oxide in a drop or two of dilute 
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hydrochloric acid, transfer to a 50 cc. volumetric flask, dilute to the mark, mix, and 
determine zinc by the turbidity ferrocyanide method, as follows : 

Transfer a 5 cc. aliquot of the zinc solution to a Nessler jar containing 5 cc. 
of a freshly prepared 0.2 per cent solution of potassium ferrocyanide. Dilute with 
water to 50 cc. and mix. Dilute 5 cc. of the 0.2 per cent solution of ferrocyanide, 
which has been placed in another Nessler jar, to about 40 cc., and add dropwise 
and with stirring a standard zinc solution, i cc. of which contains 0.001 gram of zinc, 
until the turbidity in the jar containing the standard matches the turbidity in the 
jar containing the sample. From the amount of the zinc standard required calcu- 
late the percentage of zinc. 

Phosphorus. — Most limestones contain an a})precial)le amount of phos- 
phorus. It may be determined as follows : 

Dissolve 1-5 grams of the pulverized material in hydrochloric acid (i -}- i) and 
about I cc. of nitric acid. After effcrve.scence has ceased, boil the solution for about 
3 minutes. Filter out the insoluble residue and wash. Make the filtrate alkaline 
with a slight excess of ammonia and redissoKe the precipitate by the addition of 
nitric acid drop by drop. Place the flask in a bath held at 60'’ C. and precipitate 
and determine phosphorus according to the volumetric method described under 
fertilizers in Methods of Analysis, A. O. A. C. 

Carbon Dioxide, COm — M any forms of apparatus have been devised for 
the determination of carbon dioxide in limestones or other calcareous ma- 
terials. They may be divided into three groups according as the carbon 
dioxide is determined by (1) absorbing the evolved gas in an alkaline 
reagent and determining its increase in weight, (2) measuring the volume 
of the gas, and (3) noting the loss in weight of the sample when treated 
with a known weight of acid. 

For the accurate determination of carbon dioxide the Knorr apparatus, 
as illustrated in Methods of Analysis, A.O.A.C., and in Fig. 78, Vol. 1 , 
is considered to be the mo.st satisfactory. The carbon dioxide is set free 
in this apparatus by digestion with hydrochloric acid and determined 
gravinietrically by absorption in soda lime or potassium hydroxide solu- 
tion. The directions given in Methods of Analysis on the use of this 
apparatus for the determination of carbon dioxide in baking pow^ders are 
applicable to the same determination in liming materials. Many types of 
absorption bvilbs, as illustrated in the catalogues of various chemical 
supply houses, are now in use but the Geissler absorption bulb shown in 
connection with the Knorr apparatus in the figures referred to is still 
popular among many analysts. The Bowen bulb and the Schmitz drying 
tube may also be conveniently used as containers for the concentrated 
sulfuric acid used in drying the gas. 
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The volumetric method of determining carbon dioxide by measuring the 
volume of the evolved gas is more rapid than the Knorr gravimetric 
method and gives fairly accurate results. The improved Parr apparatus, 



Fig. I, is particularly well adapted for use in this determination. The 
procedure is as follows : 

Fill the jacket tube J with water slightly acidulated to keep it clear and the 
leveling tube L with water containing 2 or 3 cc. of sulfuric acid and a few drops of 
methyl orange, the latter being added to impart color and facilitate readings. Con* 
nect the inlet D with air pressure and adjust so that 2 or 3 bubbles of air per 
minute pass through the water in /, thus keeping its temperature equalized. Fill 
the large double pipet P half full with 40 per cent potassium hydroxide. Connect P 
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with the buret G through the three-way cock T and lower the leveling tube L until 
the liquid in P rises in the capillary tube to the mark on the right limb. Now close 
cock T to P, open it to the tube running to the flask B and raise the leveling tube 
L until the liquid in G rises to the cock, completely filling the buret. Close cock T 
to keep the liquid in G at the zero point. Place 1-5 grams of the sample, accord- 
ing to its richness in carbonates, in the flask B and add about 50 cc. of water. Con- 
nect the flask with funnel A and bring the ring support with wire gauze in place 
under the flask. Open the cock at the lower end of the funnel and boil the con- 
tents of the flask 3 or 4 minutes to drive out the air. Remove the flame and at once 
close the funnel cock, forming a partial vacuum in the flask, since cock T is also 
closed. Add from A concentrated hydrochloric acid drop by drop to B by lower- 
ing the leveling tube L and opening the cock T to the tube connecting with B, taking 
care not to admit any air through the opened cock of A. When the evolved gas 
nearly fills the graduated buret G, shut off the flow of acid from A, close the cock 
T and read the volume of the gas after bringing the surfaces of the liquid in L 
and G exactly on a level. Also note the temperature of the jacket water and the 
barometric pressure. Now open T to the capillary and force the gas in G com- 
pletely into P where it is held by closing T again and left for complete absorption 
of the carlx)n dioxide. Adjust the liquid in G to the zero point again and continue 
the evolution of gas, repeating the measurements and expulsions of the gas in P 
until no more carbon dioxide is evolved. Finally boil the liquid in B a few min- 
utes and, after removing the flame, add hot water through A until the solution nearly 
reaches the stopper and no water remains in A. Lower the leveling tube L, draw- 
ing air through A into B and sweeping out the residual gas in the connecting tubes 
until the volume of air drawn into G is slightly more than 100 cc. Transfer this 
air to the bulb P for final absorption of the remaining carbon dioxide. Return all 
the unabsorbed gas (air) from P to G and read its volume. Take the difference 
between this volume and the total of the several volumes (all corrected for water 
vapor and brought to standard conditions of temperature and pressure) as the 
volume of the carbon dioxide contained in the sample. 

The Schroedter apparatus shown in Fig. 2 is one of several forms that 
are in use for determining carbon dioxide in a material by the decrease 
in weight that follows treatment with an acid. The method of using the 
apparatus is as follows : 

Place 0.5-1 .0 gram of the sample in the bottom of the flask and fill the bulbs 
as indicated in the figure about two-thirds full with dilute hydrochloric and strong 
sulfuric acids. Weigh the apparatus as thus charged and then allow the hydro- 
chloric acid to flow down slowly into the sample without removing the stopper from 
the hydrochloric acid bulb. The evolved gas escapes through the strong sulfuric 
acid, but loss of water vapor is prevented by absorption in the acid. When effer- 
vescence has ceased, heat the solution to boiling and boil very gently for about 3 
minutes. Connect a soda lime tube to the hydrochloric acid bulb and by applying 
gentle suction at A aspirate a slow current of air through the soda lime tube and 
the apparatus until it is cold in order to expel all carbon dioxide. Again stopper 
and weigh, the loss in weight being taken as the COs in the sample. 
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Flo j — Schrotiher Vpjiaratus 

This method is a convenient one for use in the approximate valuation 
of materials ccmtaining carbonates, but it is not adapted to the determina- 
tion of small quantities of carbon dioxide. 

Caustic Value of Quick and Hydrated Lime. — Shaw, Madntire and 
Underwood^ have recently published a method for determining the caustic 
value of calcium oxide and hydrated lime. 'I'he method is somewhat com- 
plicated and requires a drawing for the set-up of the apparatus. (See 
Fig. 3). The following is a brief outline of the method: 



F»g. 3« — Shaw-Macintire-Underwood Device. 

*/nd. Eng, Ckein., 80 , 212 (1928), which bce for detailed description of method and 
apparatus. 
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Grind the sample to pass a lOO-mesh sieve, avoiding undue exposure to moist 
air. Weigh accurately about 1.5 grams (preferably from a weighing tube by differ- 
ence) into a 500 cc. Rrlenmeyer flask fitted with a tight rubber stopper. Dissolve 
25 grams of granulated sugar in cold COa-free water in a flask graduated to deliver 
500 cc., make to volume, and pour this solution upon the lime portion slowly, shak- 
ing to keep the lime from forming lumps. Stopper the Erlenmeyer flask securely 
and shake well. (Clean dry glass beads may be added to aid in disintegrating the 
lumps.) Shake 6 times for i minute, 2 or 3 minutes apart; allow to stand 15 min- 
utes longer and filter quickly with as little exposure to air as possible. Titrate 
50 cc. of the clear solution with 0.5 N hydrochloric acid and phenolphthalein. 
Measure twice the number of cubic centimeters of 0.5 N hydrochloric acid required 
into a 250 cc. Erlenmeyer flask, run into it 100 cc. of the clear solution, and finish 
the titration. The number of cubic centimeters required by the 100 cc. aliquot, multi- 
plied by 7 and divided by the weight of sample taken, gives the percentage of cal- 
cium oxide in the samide uncombined or as hydroxide. The presence of magnesia 
does not vitiate the result. For a filtering apparatus which avoids contact with air, 
and more details of the procedure, see the article cited. 

NEUTRALIZING VALUE OF LIMING MATERIALS 

The calcium and magnesium content of limestones and marls varies 
widely, and therefore a method for the approximate determination of their 
neutralizing value for agricultural use is desirable. The following method 
is u.sed at the Kentucky Agricultural Experiment Station for the determi- 
nation of the neutralizing value of liming materials. 

Weigh 0.5 gram of the finely pulverized material and transfer into a 150 cc. 
Erlenmeyer flask; add 25 cc. of 0.5 N hydrochloric acid to the flask by means of a 
pipet and heat the flask gently until effervescence has ceased (al)out 3 minutes). 
Cool the flask, rinse down the sides with distilled water, add a few drops of methyl 
orange indicator, and then add standard sodium hydroxide from a buret until the 
end point is reached. From the quantity of sodium hydroxide required compute 
the number of cubic centimeters of 0.5 N acid consumed in decomposing the lime- 
stone. This figure multiplied by 5 (that is, 200 X 0.025) gives the neutralizing 
value estimated as percentage of CaCOa. 

The relative neutralizing values of pure liming materials, as calculated 
from their formulas and on the basis that pure calcium carbonate has a 
neutralizing value of icx), are given in Table I. 

TABLE 1 .— Relative Neutralizing Value of Liming Materials Calculated 
ON THE Basis of a Value of ioo for Pure Calcium Carbonate. 

Pure liming materials Relative value 


Calcium carbonate 

100 

Calcium oxide, quicklime 

179 

Calcium hydroxide, hydrated lime 

135 

Dolomitic limestone 

108 

Dolomitic quicklime 

207 

Dolomitic hydrated lime 

151 
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Fineness of Ground lamestone. — ^The rapidity with which the acidity in 
a soil is neutralized by an application of ground limestone depends upon 
its degree of fineness and the thoroughness with which it is mixed in the 
soil. 

A good grinding of limestone for agricultural use is approximately as 
follows : 


Per cent 


Held on the lo-mcsh sieve lo 

Held on the 40-mesh sieve 35 

Held on the 80-mesh sieve 15 

Passed the 8o-mesh sieve 40 

Total 100 


TABLE II.— Partial Analysis op Materials Containing Calcium. 
(Results expressed in percentage) 

SiOs sand, 



etc. 

PCfOs 

AlsO* 

CaO 

MgO 

P2O5 

so. 

CaF 

Limestone 

0.74 

O.II 

0.04 

5496 

0.54 

0.03 

0.02 

— 

Limestone argillaceous 

21.28 

2.79 

4.II 

37-24 

I-5I 

.55 

— 

— 

Dolomite 

7.50 

1.44 

3.26 

28.60 

16.65 


— 

— 

Marl 

19.90 

— 

— 

80.1 * 

— 

— 

— 

— 

Gypsum 

— 

— 

— 

32.56 

— 

— 

46.51 

— 

Superphosphate 

— 

— 

— 

30.73 

— 

— 

29.14 

— 

Rock phosphate 

4.50 

312 

.70 

41.44 

— 

35.00 

— 

6.42 

Basic slag 

7.84 

19.06 

— 

49.84 

4.66 

15.87 

— 

— 

Caustic lime, CaO 

— 

— 

— 

90-98 

— 

— 

— 

— 

Magnesium lime 

— 

— 

— 

5S-«S 

10-40 

— 

— 

— 

Oystershell lime 

— 

— 

— 

85-<)5t 

— 

— 

— 

— 

Slaked lime 

— 

— 

— 

75.7 t 

— 

— 

— 

— 

Bone meal 

— 

— 

— 

37-2 

— 

31.0 

— 


NitroHme 

— 

— 

— 

64.79 

— 

— 

— 

— 

Gas lime 

— 

— 

— 

34-08 

— 

— 

— 

— 


* Neutralizing value expressed as CaCO,. 

t Neutralizing value of raw shells 90 95 per cent, expressed as CaCO,. 
J 24.3 per cent H^O. 


n.— HATESIAIS CONTAINING SULFATE 

Gypsum, superphosphate, ammonium sulfate, potassium sulfate and 
manganese sulfate are sources of sulfur for soils, although the addition 
of sulfur is not the primary purpose for which these materials are added 
to the soil. 

G3rp8im (Land Plaster), Ca 804 . 2 H 20 , is a common mineral. It is found 
in extensive beds in limestone regions and in clay deposits. In the early 
days of agriculture in this country, land plaster was used extensively 
as a fertilizer; the results were good especially when it was applied to 
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clover and used in connection with manure. Applications not exceeding 
200 pounds to the acre were effective. The beneficial effect of gypsum 
upon the root nodules and the free nitrogen fixing bacteria in the soil, or 
the addition of a needed sulfur compound, may have been the cause of 
the increased yields. The general use of superphosphate at the present 
time, however, probably has rendered the use of gypsum for this purpose 
unnecessary, because more than half of the weight of the ordinary super- 
phosphate is gypsum. The old explanation that the application of gypsum 
benefitted a crop by liberating potash in the soil seems not to have been 
borne out by experimental evidence. In arid regions gypsum is used to 
correct '‘black alkali,’* which is caused by sodium carbonate in the soil. 
Gypsum reacts with sodium carbonate to produce sodium sulfate and cal- 
cium carbonate, substances not so inimical to plant growth as sodium 
carbonate. 

Superphosphate. — In loo pounds of completed superphosphate there are 
approximately 58 pounds of hydrated calcium sulfate and 42 pounds of 
soluble calcium phosphate. Owing to the presence of calcium carbonate 
and calcium fluoride in the raw rock phosphate, a larger quantity of cal- 
cium sulfate may often be found. Superphosphate may therefore be con- 
sidered as a source of gypsum. The proportion of gypsum in superphos- 
phate may be determined approximately from the total sulfate sulfur 
content as in gypsum, and by calculating the equivalent weight of hydrated 
calcium sulfate. 

Ammonium Sulfate, (^4)2804, when pure, contains 21.2 per cent of 
nitrogen and 24.26 per cent of sulfur. The commercial product used 
in fertilizers usually contains slightly lower quantities of nitrogen than the 
pure compound. Ammonium sulfate is a by-product resulting from the 
manufacture of coke and illuminating gas. The nitrogen content of coal 
varies considerably and the quantity of ammonium sulfate recovered ranges 
from 8 to 25 pounds per ton of coal. 

Ammonium sulfate may contain small amounts of impurities such as 
sand, salt, moisture and tarry matter, which impart a brown color and 
a characteristic odor to the salt but do not affect its value as a fer- 
tilizer. Some samples may exhibit a bluish tint, which is due to traces 
of ferric ferrocyanide (Prussian blue). 

Ammonium sulfate that has been obtained from gas liquors may con- 
tain small quantities of thiocyanates and also, rarely, cyanides. These 
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comix)unds are to be considered plant poisons.^ The presence of thio- 
cyanates can be detected by the characteristic red color produced in an 
alcoholic extract of the salt by the addition of a few drops of a dilute 
solution of ferric chloride. 

To detect cyanides add an excess of potassium hydroxide to a concen- 
trated solution of the ammonium sulfate, then add a few drops of ferric 
and ferrous salts and boil. The formation of Berlin blue uixm the addi- 
tion of hydrochloric acid indicates cyanides. Sodium sulfate, sodium 
chloride and gypsum have been found as adulterants in ammonium sul- 
fate. Two very simple tests can be made to detect impurities in am- 
monium sulfate: (i) Any insoluble residue that remains when a 
portion of the salt is stirred in water is an impurity; (2) any non- 
volatile substance that remains when the salt is heated to redness is also 
an impurity. If the proportion of insoluble or non-volatile matter ap- 
pears unduly large such a sample should be regarded with su.spicion and 
a determination of ammonia should be made. 

When ammonium sulfate is applied to the soil the ammonia is oxidized 
to nitric acid, which leaves sulfuric acid to combine with any basic ma- 
terial present. If the soil contains calcium and magnesium carbonates, 
the sulfuric and nitric acids combine with them, forming the sulfates and 
nitrates of these elements. The continued application of ammonium sul- 
fate to the soil without the use of a corresponding amount of basic ma- 
terial will result ultimately in the x)roduction of acid conditions in the 
soil f (NHJ^SO, + 4O2 = H2SO4 + 2HNO, + 2H0O]. 

Potassium Sulfate, K^S 04 , is known commercially as sulfate of potash. 
When pure it contains 44.8 per cent of potassium and 18.4 per cent of sul- 
fur. The commercial product usually contains small quantities of sulfates 
of calcium, magnesium, and sodium. 

Manganese Sulfate, HnS 04 . 4 H 20 . — In recent years it has been shown by 
McHargue that manganese is an essential element for the normal growth 
of plants and has an important function in the synthesis of chlorophyll.^ 
It has also been shown by Schreiner and Dawson® that a few large areas 
of soil in this country, deficient in available manganese, show a resix)nse 
in the growth of crops when an adequate quantity of an available man- 
ganese compound is added to the soil. Manganese sulfate applied at the 

^ Feilitzen, Fuhling*s Landw, Zts., 61 , 385 (1912); Hoselhoff, Zentr, Agr. Chem., 33 , 24 
(190s). 

*/nrf. Eng. Chem., 18 , 172 (1926). For the early work of Bertrand and other investigators 
upon Mn, Zn, B, Ni, Co, 1 , and other minor mineral constituents, see bibliographic references 
on these elements. 

^ Ibid., 19 , 400 (1927), 
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rate of about 50 potuids per acre is the compound most commonly used. 
Experiments at the Kentucky Agricultural Experiment Station show that 
plants can also utilize manganese carbonate and dioxide as sources of 
manganese in sand cultures. 

Ferrous Sulfate (Copperas) FeSO^.THjjO. — The addition to the soil of a 
small quantity of ferrous sulfate as a stimulant for the growth of plants 
was formerly recommended, the idea being that a readily available form 
of iron was needed, but it is now generally assumed that soils well sup- 
plied with organic matter have the necessary amount of iron to provide for 
the normal growth of plants. However, with the development of chlorosis 
in certain important plants, including pineapples, sugar cane and fruit 
trees, reports are on record where a normal green color and normal 
growth have been restored by spraying the chlorotic plants with a dilute 
solution of ferrous sulfate. Since it has been demonstrated that manganese 
functions in the synthesis of chlorophyll and since iron com{)ounds are 
usually contaminated with manganese, it is quite probable that manganese, 
as well as iron, is a factor in restoring normal green color and growth to 
chlorotic plants. 

A solution of ferrous sulfate in water has been used effectively to kill 
certain weeds, such as wild mustard in growing grain or grass. A solution 
just strong enough to kill the broad-leaf weeds may be sprayed on with- 
out serious injury to the grasses. Two jx>unds to the gallon is the strength 
recommended.^ 

ANALYSIS OF MATERIALS CONTAINING SULFATE 

Total Sulfate Sulfur. — Weigh i gram of the finely ground material contain- 
ing sulfates and transfer to a 250 cc. beaker. Add about 200 cc. of hot distilled 
water and 20 cc. of hydrochloric acid (i -}- i) ; place the beaker on the hot water 
bath and stir occasionally until practically all the material is dissolved. (It may 
require an hour or more to bring gypsum into solution. If the insoluble material 
is small, light in weight and flocculent, it is not gypsum. However, if a light-gray 
residue that settles quickly remains in the center of the beaker when the solution 
is stirred in one direction for a few seconds and there is no grit or sand detected 
with the stirring rod, it is an indication of undissolved gypsum, which may be 
brought into solution by further digestion and stirring.) Filter the insoluble residue 
and wash. Cool the filtrate, transfer to a 100 cc. volumetric flask, make to the mark, 
and mix. Take an aliquot of lo cc., heat to near the boiling point, and precipitate 
sulfates with an excess of barium chloride. Cool, filter the precipitate of barium 
sulfate, wash, ignite, weigh, and calculate the percentage of the original compound. 


» New York Agr. Expt. Sta. Bull., 466, p. 53. 
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Free Acid in Ammonium Sulfate.—Weigh i gram of the salt into a beaker, 
dissolve in water, and titrate the free acid with standard alkali, using methyl orange 
as an indicator. Calculate the percentage of sulfuric acid. 

Thiocyanates in Ammonium Sulfate. — Dissolve 5 grams in water, boil, add 
a little sodium bisulfite, and titrate with a copper sulfate solution containing 6.24 
grams of cupric sulfate per liter, until one drop colors potassium ferrocyanide 
paper brown (touch drop method). One cubic centimeter of cupric sulfate solu- 
tion corresponds to 0.00145 gram of thiocyanate ion, or 0.00190 gram of ammonium 
thiocyanate. 

Manganese in Manganese Snlfate— Weigh i gram of manganese sulfate, 

dissolve in water, dilute to 100 cc., mix, and transfer an aliquot of 10 cc. to a 
beaker. Add 5 cc. of dilute sulfuric acid (i + i) and o.oi gram of potassium 
periodate and boil until the purple color of permanganic acid develops. Determine 
manganese according to the directions given for the determination of manganese 
in liming materials. 

Ferrous Iron in Ferrous Sulfate. — Dissolve i gram of the salt in dilute sul- 
furic acid (i + i), dilute to 100 cc., mix, titrate a 10 cc. aliquot of the solution with 
01 N permanganate solution, and calculate the result for iron to ferrous sulfate. 

in.— MISCELLANEOUS CONSTITUENTS OF POTASSIC FERTILIZEES 

Agricultural crops show considerable variation in the amount of potas- 
sium they remove from the soil. Tobacco, sugar beets, sugar cane and 
most of the legumes remove relatively large quantities, and any deficiency 
of available potassium in the soil may seriously affect the yield of these 
crops. However, a natural deficiency of potassium in the soil is of com- 
paratively rare occurrence in this country, and under ordinary conditions 
of farming a large proportion of the potassium taken from the soil in the 
crops is returned in manures. 

The principal sources of the potash salts used for fertilizer purposes 
are the natural salt deposits of Germany and France. The potash occurs 
in these deposits in the form of definite minerals, of which the most im- 
portant are camallite (KCl.MgCl2.6H2O), sylvinite (.^rKCl.yNaCl), 
glaserite (4-K2S04.yNa2S04), and kainite (MgSO4.KCl.3H2O). The«e 
occur in association with many other salts such as halite (NaCl), kieserite 
(MgS04.H20), glauberite (CaS04.Na2S04) and boracite (2Mg.,BgOio.- 
MgCl2). 

An annual production of about 90,000 tons of potassium chloride is 
now being obtained from the brine of Searles Lake, Calif. Smaller 
quantities have been, or are being produced from other sources in this 
country, such as alunite, wood ashes and kelp, or as a by-product in the 
cement, blast furnace, industrial alcohol and tobacco industries. 
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Potassium Salts. — ^Detailed information on the occurrence and composi- 
tion of commercial potash salts are given in the chapter on Potash Fertili- 
zers. Other elements than the potassium contained in potash salts may at 
times merit serious consideration. Thus severe injury to crops has resulted 
from the application of fertilizers in which potash salts containing Ijoron 
formed an ingredient. It is also recognized that the presence of chlorine 
in fertilizers used on tobacco has a deleterious effect upon the burning 
quality of the tobacco. 

Tobacco Trash, Stems and Stalks. — ^I'he waste materials resulting from 
the harvesting and manufacture of tobacco contain considerable quantities 
of the important fertilizer constituents, nitrogen, potassium, calcium and 
phosphorus, which should be conserved and utilized for agricultural pur- 
poses. The percentages are subject to wide variation, as shown in the 
following table. 



N 

PsOr, 

K ,0 

CaO 

Tobacco leaves 

4.14 

0.77 

445 

4 .(X> 

Tobacco stems 

2.50 

1. 00 

600 

— 

Tobacco stalks 

3.50 

0.79 

4.40 

2.00 


Kelp. — That certain species of seaweed have value for fertilizer pur- 
poses has long been known. They have been used for such purposes in 
European countries and along the New England and the Pacific coasts in 
the United States. It is stated that the giant kelps of the Pacific coast 
are essentially different from the Atlantic kelps in that the potassium con- 
tent is higher and the iodine content lower. The dried kelps from the 
Pacific coast may contain 30 per cent or more of potassium chloride. 
Notwithstanding the well-known fact that kelp contains a relatively large 
quantity of potassium and other important fertilizer constituents, including 
calcium, magnesium, manganese, copper, iodine and zinc, thus far it has 
not been utilized on a large scale for the manufacture of fertilizers. This 
fact indicates that the cost of harvesting and preparing the material for 
the market is probably too great for a profit. 

Wood Ashes. — The only kind of ashes used for fertilizer purposes are 
those derived from the burning of hard woods. The quantity of potassium 
salts obtained from this source, however, constitutes a very small part of 
the total amount used in agriculture and other industries. The fertilizer 
constituents in wood ashes, calcium, magnesium, phosphorus and man- 
ganese may be of enough importance to warrant quantitative determina- 
tions. 
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The constituents of wood ashes may be determined according to the 
directions given in Methods of Analysis, A.O.A,C., for the analysis of 
plant ashes. 

DETERMINATION OF MISCELLANEOUS CONSTITUENTS 
OF POTASSIUM SALTS 

Sodium. — Boil 25 grams of the potassium salt with 100 cc. of water, filter, wash 
the residue with hot water, and bring the filtrate and washings to 500 cc. Acidify 
200 cc. of the filtrate with hydrochloric acid, l)oil, and completely remove the sul- 
furic acid by precipitation as barium sulfate in a 500 cc. flask without using an ex- 
cess of barium chloride. Bring to volume, mix, settle, and evaporate 50 cc. of the 
solution to dryness to remove hydrochloric acid. Add oxalic acid, ignite to decom- 
pose the magnesium chloride, moisten the residue with a little ammonium carbonate 
to convert any lime to calcium carbonate, extract the residue with water to obtain 
the alkali chlorides, evaporate to dryness, drive off the ammonium salts by gentle 
ignition and weigh. Determine the potassium and subtract the weight of the 
potassium chloride from the weight of the alkali chlorides to obtain the sodium 
chloride. Calculate to sodium. 

Calcium.^ — Dissolve 10 grams of the salt in water in a 500 cc. flask, add 
twice normal carbonate- free sodium hydroxide at ordinary temperature to pre- 
cipitate the magnesium, fill to the mark, shake, filter, and precipitate the calcium in 
250 cc. of the filtrate with ammonium oxalate. Proceed as described in the analysis 
of liming materials. 

Magnesium.^ — Boil 10 grams of the salt not less than i hour with about 350 
cc. of water in a 500 cc. flask. Cool, and add 60 cc. of twice normal sodium hy- 
droxide and, in case of a high calcium content, 20 cc. of a neutral solution of potas- 
sium oxalate (i + io). Fill to the mark, shake, let stand 15 minutes, while the 
flask remains closed, and filter. Titrate 50 cc. of the filtrate with o.i N hydro- 
chloric or sulfuric acid. Subtract the number of cubic centimeters of acid re- 
quired from 120 and calculate the difference to percentage of magnesium in i gram 
of salt. 

Sulfates,^ — Dissolve 5 or 10 grams of the salt in water, filter, boil, add barium 
chloride dropwise, and proceed as directed under total sulfate sulfur, p. 449. 

Chlorine.— Titrate a neutral solution of the salt with o.i N silver nitrate, 
using potassium chromate (i + or neutral sodium arsenate^ as indicator, as di- 
rected in the chapter on Waters, Brine and Salt, Methods of Analysis, A. O. A. C. 

Boron.— Proceed as directed in the chapter on Fertilizers, Methods of An- 
alysis, A. O, A. C. 

^ Tietjens, Laboratoriumsbuch fiir die Kaliindustrie, p. 26. 

^ Precht, Z. anaL Chem., 18 , 438 (1879). 

’Ruppin, Ckem,^Ztg., 33 , 17, 398 (1909). 

* Lunge, Z. angew, Chem., 10 , 549 (1896). 
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IV.— IHSCELLANEOUS CONSTITUENTS OF PHOSPHATIC FEETILIZERS 

Eock Phosphate. — A good grade of rock phosphate contains the equiva- 
lent of about 40 per cent of calcium oxide (CaO), which makes it an in- 
direct source of calcium in a soil deficient in this element. Rock phos- 
phate may contain varying amounts of calcium carbonate and fluoride in 
addition to the calcium in combination with phosphorus. 

Bones. — Fresh bones contain about 65 per cent of tricalcium phosphate 
and 35 per cent of organic matter in the form of fat and gelatin. To 
remove the fat and gelatin, raw bones arc steamed in tanks under a pres- 
sure of about 40 pounds. The fat and gelatin are removed for further 
treatment, and the l)ones are dried and ground to produce “steamed bone 
meal.” This material is added to the soil as a source of phosphorus and, 
like rock phosphate and superphosphate, it contains calcium equivalent 
to about 37.0 per cent of calcium oxide (CaO). 

Basic Slag. — A good grade of basic slag contains the equivalent of about 
50 per cent of calcium oxide ; it also contains some free caustic lime, con- 
siderable calcium silicate, and a small quantity of calcium carbonate, all 
of which have the proi)erty of neutralizing acidity in soils. The superior 
beneficial effect of basic slag on the soil, as compared with superphosphate, 
has long been recognized in agricultural practice. When applied in liberal 
amounts to heavy clay soils, basic slag produces physical changes which 
render the soil loose, similar to the effects produced with lime and lime- 
stone. The basic slag manufactured in the Birmingham district contains 
about 3.0 per cent of manganese, which may be a contributing factor in 
the fertility of soils deficient in manganese. The Birmingham district 
is the only source of basic slag in this country at the present time. 

Superphosphate. — This material is made by treating rock phosphate or 
bone meal with sulfuric acid. The resulting product contains approxi- 
mately 60 per cent of calcium sulfate and 40 per cent of soluble calcium 
phosphate and is therefore an indirect source of calcium and sulfur for 
soils. 


DETERMINATION OF MISCELLANEOUS CONSTITUENTS 
OF PHOSPHATIC MATERIALS 

ROCK phosphate: 

Moisture. — The sample should be ground fine enough to pass a 100- 
mesh sieve. 
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Weigh 2 grams in a taxed platinum crucible, place in an air hath at 105® C. and 
heat for 3 hours. Place the lid on the crucible, cool in a desiccator, and weigh. 
The loss in weight is moisture. 

Organic Matter. — Determine the organic matter according to Wyatt, ^ 
as follows: 

Transfer the portion used in the moisture determination to a platinum crucible, 
gradually heat to full redness in a Bunsen flame, and then ignite over the blast- 
lamp. Repeat this operation with alternate weighings until a constant weight is 
obtained. The loss (after deducting the percentage of carbon dioxide and moisture 
as found in other portions) may be taken as organic matter. 

This method is adequate for all practical purposes, but when minerals 
containing fluorine are strongly ignited, a part of the fluorine is expelled ; 
hence, if more accurate determinations are required, the loss of fluorine 
must be taken into account. It has been proved that a pure calcium fluor- 
ide undergoes progressive decomposition at a bright red heat with forma- 
tion of lime. 

Calcimn. — Weigh 10 grams of the finely powdered sample into a beaker, add 
10 cc. of hydrochloric acid (i -f- 1) and 5 cc. of nitric acid (i r) ; cover with a 
watch-glass; and digest on a hot water bath, with occasional stirring, for about 
30 minutes. Filter out the insoluble residue, wash thoroughly with hot distilled 
water, dry, ignite, weigh, and calculate the percentage of insoluble matter. Trans- 
fer the filtrate to a 200 cc. volumetric flask, cool, make to the mark, and mix. 
Transfer an aliquot of 5 cc., equivalent to 0.25 gram, to a 250 cc, Erlenmeyer flask; 
dilute to about 100 cc. with cold distilled water ; and add a few drops of alizarine 
sulfonate indicator and then ammonia drop by drop with shaking until the solution 
is slightly alkaline, as shown by a change in the indicator from orange to pink. 
Add 10 cc. of 0.5 N hydrochloric acid, and then 10 cc. of a 2.5 per cent solution 
of oxalic acid. Further dilute the solution to about 200 cc. with hot water and heat 
to the boiling point. Add an excess of a saturated solution of ammonium oxalate 
drop by drop, while rotating the flask over a heated wire gauze, until all the calcium 
has been precipitated and has assumed a granular form. Set the solution aside to 
cool at room temperature, add 8 cc. of a 20 per cent solution of sodium acetate, 
agitate the solution, and allow to stand for about 2 hours. Filter the calcium oxa- 
late on an asbestos pad and wash thoroughly with cold distilled water. Transfer 
the calcium oxalate and the asbestos pad to a 250 cc. Erlenmeyer flask, add 10 cc. 
of dilute sulfuric acid (i -f i), heat to near the boiling point, and titrate with 0.1 N 
potassium permanganate (i cc. = 0.002805 gram of CaO). Calculate the per- 
centage of calcium oxide. 

Calcium (Gladding Method).’— Boil 5 grams of the finely ground rock phos- 
phate for 30 minutes in 50 cc. hydrochloric acid (i -f* i), filter into a 250 cc. volu- 
metric flask, and add 10 cc. of hydrogen peroxide solution; boil for a few minutes 

^ Phosphates of America, 4th ed., 145 (1892). 

*/. Jnd , Eng . Chem ., 1 , 249 (1909). 
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to oxidize any ferrous iron and expel oxygen, cool, fill to the mark, and mix. 
Transfer 25 cc. (}4 gram) to a 250 cc. Erlenmeyer flask; dilute to 100 cc., heat to 
boiling, and add ammonia to a slight alkalinity, then hydrochloric acid (i + i) drop 
by drop from a pipet until the ammonia precipitate just redissolves, then a hot satu- 
rated solution of ammonium oxalate from a pipet until all the calcium is precipi- 
tated and about 10 cc. in excess ; cool, filter off the calcium oxalate on an asbestos 
pad held in a Caldwell crucible, wash with hot water until free of chlorides, trans- 
fer the precipitate and the asbestos pad into the Erlenmeyer flask in which it was 
precipitated, add 10 cc. of sulfuric acid (i-f i), heat to nearly boiling, titrate with 
0.1 N potassium permanganate (i cc. = 0.002005 gram of Ca), and calculate the 
percentage of calcium. 

Iron and Alnminnm. — ^Transfer the filtrate from the calcium oxalate to a 
500 cc. Kjeldahl flask, add 5 cc. of concentrated sulfuric acid, and evaporate to 
white fumes by boiling to destroy the excess of oxalic acid. Cool slightly, add 50 
cc. of water and 10 cc. of hydrochloric acid (i + Oi and boil gently for a few 
minutes to dissolve any dehydrated ferric or aluminum sulfate. (The solution 
should be clear.) Rinse into a beaker, make to a volume of about 150 cc. with hot 
water, and precipitate the iron and aluminum as phosphates either by adding am- 
monia to neutrality, using methyl orange as an indicator, or by making the solu- 
tion just alkaline with ammonia, just clearing with hydrochloric acid, and then 
adding 25 cc. of ammonium acetate solution, sp. gr. 1.04. Filter and wash the pre- 
cipitate of iron and aluminum phosphates with a boiling hot 2.5 per cent am- 
monium nitrate solution. Ignite and weigh; fuse the ignited precipitate in a plati- 
num crucible with potassium bisulfate, dissolve the fused mass in dilute sulfuric 
acid (i-f i), reduce with pure zinc, titrate the iron with standard permanganate, 
and calculate the percentage of iron phosphate. From the combined percentage 
of iron and aluminum phosphates deduct the percentage of iron phosphate, leaving 
the percentage of aluminum phosphate. 

Iron and Aluminum (Molybdate Method). — The procedure for estimating 
iron and aluminum after removing phosphoric acid (P2O5) with molybdic 
solution, as described for plant ashes, has been used successfully in the 
analysis of phosphate rock. 

Magnesium. — Evaporate the filtrate from the iron and aluminum phosphate 
to dryness and ignite the residue to expel ammonium salts. Dissolve the residue 
in 5 cc. of hydrochloric acid (i-f-i), filter, and wash thoroughly. Add ammonia 
to the filtrate in a slight excess and precipitate magnesium with sodium phosphate 
as in the analysis of liming materials. 

Chromium.^ — Fuse 5 grams of the rock phosphate over the blast with 20 grams 
of sodium carbonate and 3 grams of sodium nitrate. Thoroughly disintegrate the 
melt in water, to which a drop or two of methyl or ethyl alcohol has been added 
to reduce and precipitate the manganese; filter; nearly neutralize the filtrate with 
nitric acid, having previously ascertained the amount to be used on a blank test with 
20 grams of sodium carbonate, etc. ; and evaporate the solution to approximate dry- 


* Hillebrand, U. S. Geol. Survey Bull. 700 (1919). 
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ness, precipitating the silica and alumina. Dilute with loo cc. of water, warm, filter, 
and wash. To obtain any chromium retained by the precipitate evaporate it with 
hydrofluoric and sulfuric acids, fuse the residue with a little sodium carbonate, 
nearly neutralize the aqueous extract with nitric acid, boil a few moments, and unite 
the filtrate with the main one. Add mercurous nitrate to the cold alkaline solution 
in quantity sufficient to obtain a precipitate of considerable bulk, heat, filter, dry the 
precipitate, and ignite at not over 500® C. in a platinum crucible after removing the 
paper to prevent reduction and injury to the crucible. Fuse the residue with a very 
little sodium carbonate, wash with water, and filter the solution, if colored yellow, 
into a 25 cc. graduated flask. Determine the chromium by comparing with a stand- 
ard alkaline solution of potassium monochromate made by dissolving 0.25525 gram 
of pure potassium monochromate in i liter of water made alkaline by a little sodium 
carbonate. 

VanadiTUn.^ — Add sulfuric acid in slight excess to the solution used for the 
chromium determination, saturate with hydrogen sulfide, and filter. Boil the filtrate 
to expel hydrogen sulfide and titrate at a temperature of 70® — 80® C. with a dilute 
solution of potassium permanganate, representing about i mg. of VaOs per cubic 
centimeter, as calculated from the iron strength of the permanganate, one molecule 
of V3O5 being indicated for each one of FcaO*. Always check by reducing again 
with sulfur dioxide, boiling to expel excess sulfur dioxide and repeating the titra- 
tion. Take the latter result, which is apt to be a little lower than the first, as the 
correct result. 

Silica. — ^The methods usually employed for the determination of silica 
are not applicable to the analysis of rock phosphate, owing to loss of silica 
as silicon fluoride when the sample is digested with acid. The following 
method^ is adapted to the determination of silica in rock phosphate® and 
other materials containing fluoride: 

Fuse I gram of the sample with 6 grams of Na2COs, leach the cooled melt with 
hot water, and filter when disintegration of the melt is complete. Transfer the in- 
soluble residue back into the dish by the use of a jet of water, add 100 ml. of a 
I per cent solution of sodium carbonate, boil for a few minutes, filter, and wash 
thoroughly with hot water. Reserve the residue (A) for the determination of 
silicon dioxide. To the combined filtrates, which should have a volume of approxi- 
mately 300 ml., add i gram of zinc oxide dissolved in 20 ml. of dilute nitric acid, 
boil for I minute, filter, and wash the residue thoroughly with hot water. Reserve 
the precipitate (B) for the determination of silicon dioxide. Add a few drops of 
methyl red to the filtrate, nearly neutralize with nitric add, and evaporate to a 
volume of 200 ml,, being careful that the solution remains alkaline during the evapo- 
ration. Finish the neutralization of the concentrated solution with nitric acid until 
the color is a delicate pink. Now add i gram of zinc oxide dissolved in ammonium 


* Hillebrand, U. S. Geol. Survey Bull. 700 (1919). 

^Hoffman and Lundell, U. S. Dept. Commerce Research Paper No. ixo. 
•Hill and Jacob, /. Assoc. OfUctal Agr. Chem,, 13 , xia (1930). 
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hydroxide + ammonium carbonate, and boil until the odor of ammonia is entirely 
gone. This usually requires boiling until the volume of the solution has decreased 
to about 50 ml. After all the ammonia is expelled, add about 100 ml. of warm 
water, stir, allow to stand for a few minutes, filter, and wash the precipitate (C) 
with cold water. The filtrate contains the fluorine. 

With the aid of a jet of dilute hydrochloric acid (1 + 20), transfer the insolu- 
ble residue (A) and the two zinc precipitates (B and C) from the papers to the 
dish in which the latter precipitation was made. Ignite all papers used in the pre- 
ceding filtrations and add any residue so obtained to the contents of the dish. Now 
add 25 ml. of concentrated hydrochloric acid and determine silicon dioxide by 
a second dehydration and intervening filtration in the usual manner. 

To recover the silicon dioxide left in the filtrate, after the second dehydration, 
add about 0.05 gram of aluminum oxide (in the form of aluminum chloride) and 
10 grams of ammonium chloride, and precipitate the aluminum with ammonium hy- 
droxide. Dissolve the precipitated hydroxide in 50 ml. of dilute sulfuric acid 
(i + io), dehydrate, filter, and add the small quantity of silicon dioxide to that 
obtained above. 

Carbon Dioxide, COj.— Proceed as directed for carbon dioxide under the 
analysis of liming materials. 

Fluorine. — Fluorine is a normal constituent of rock phosphate. Samples 
from different deposits vary considerably in their fluorine content, the 
average for commercial types of rock mined in the United States being 
about 3.5 per cent. The more recent island deposits, which show con- 
siderable organic matter, contain less fluorine than the mineral deposits of 
rock phosphate. 

Fluorine fumes evolved from the treatment of rock phosphate with 
sulfuric acid in the manufacture of superphosphates were formerly of con- 
siderable annoyance and discomfort to the workmen. However, at the 
present time factories are equipped with apparatus for recovering the 
hydrofluoric acid fumes and converting them into a useful by-product, 
fluosilicate, which is being used as an insecticide. An accurate method 
for the determination of fluorine is of practical importance to the manu- 
facturer of superphosphate in the recovery of the fluorine fumes as a 
by-product, and such a method is also of importance to the manufacturer 
of phosphates used for food and mineral mixtures in feed for live stock. 

IMKTHOD FOR THE DETERMINATION OF FI.UORINE IN 
PHOSPHATE ROCK AND SIMILAR MATERIALS* 

REAGENTS 

(i) p8 S cent sulfuric acid . — This is most conveniently prepared by adding 
sufficient fuming sulfuric acid to ordinary concentrated sulfuric acid to give a solu- 

‘ Reynolds, Ross and Jacob, /. Assoc. Oificial Agr. Chem., XI, 225 (1028). 
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tion containing about 99 per cent sulfuric acid. The solution is heated in a large 
beaker, preferably on a hot plate, for about i hour after it begins to fume strongly, 
in order to remove free sulfur trioxide and sulfur dioxide. (The latter appears to 
be present in appreciable quantity in some samples of sulfuric acid prepared in the 
above manner.) If the final product contains more than 98.5 per cent of sulfuric 
acid, dilute with the correct quantity of 95 per cent acid, or if it contains less than 
98 per cent sulfuric acid, more fuming acid is added. In either case, the acid as 
finally used should contain 98-98.5 per cent sulfuric acid, as determined by titration 
with standard alkali. 

(2) Silver sulfate , — A 10 per cent solution of silver sulfate in 98-98.5 per cent 
sulfuric acid is prepared and heated until it fumes strongly in order to remove 
volatile impurities. Certain samples of supposedly C. P. silver sulfate have been 
found to contain considerable nitrate. This solution is used to absorb the hydrogen 
chloride that is evolved when chlorides are present in the sample. 

(3) Chromium trioxide. — The pure material is dried at I05®-II0° C. and finely 
ground. A suspension, containing preferably a large excess of solid chromium tri- 
oxide, is made in 98-98.5 per cent sulfuric acid. This reagent is used to absorb 
sulfur dioxide, nitric acid, and oxides of nitrogen. 

(4) Silica . — The commercial grade of quartz flour is satisfactory. It should 
be ground to 200 mesh and ignited at a low red heat to remove organic matter and 
moisture. Samples of quartz flour have been found to contain as high as 0.06 per 
cent of fluorine. Any fluorine present can be removed by digesting the material with 
sulfuric acid, preferably about 98 per cent strength, at temperatures of 250^-300® C. 

(5) Standard alkali and acid — Tenth-normal solutions of sodium hydroxide 
and hydrochloric acid are prepared. One cubic centimeter of 0.1 iV sodium hydroxide 
is equivalent to 0.0019 gram of fluorine. 

APPARATUS 

The apparatus required for the determination is assembled as shown in Fig. 4 
and is composed of the following individual jneces: 

(1) A gas-washing bottle. A, containing concentrated sulfuric acid for removal 
of moisture from the inlet air. 

(2) A cylinder, B, loosely packed with glass wool and phosphorus pentoxide, 
also for moisture removal. 

(3) A reaction flask, C, for digesting the sample with 98-98.5 per cent sulfuric 
acid. The flask, shown in detail in Fig. 5, is made of Pyrex glass and is designed 
especially for this purpose. It is composed of a principal tube, c, having an open- 
ing, d, for introducing the sample and acid. Dry air is drawn into the tube through 
a and the gaseous reaction products pass out through the bulbed tube, e. The por- 
celain plate, b, about 2.5 cm. in diameter and having perforations about 0.3 mm. in 
diameter, makes close contact with the walls of the tube, c, and is held in place by 
indentations in the glass above and below the plate. It serves to prevent portions 
of the sample from being carried up into the air-inlet tube, a, when the acid is added, 
and at the same time it permits free passage of air through the acid during digestion. 

(4) A furnace, D, with rheostat, B (not shown), for heating the reaction tube. 
A type 84, multiple unit, electric crucible furnace is satisfactory and convenient for 
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this purpose. A suitable electric furnace may be made by winding the proper quan- 
tity of nickel-chromium wire on a porcelain, aliindum, or fire-clay core of the proper 
size. The reaction flask should be placed in the furnace so that the level of the 
sulfuric acid is below the top of the furnace, which is covered with a piece of 
asbestos board containing openings for the tube and thermometer. 
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(5) A Bowen potash tube, containing 98-98.5 per cent sulfuric acid. 

(6) A Schmitz sulfuric acid tube, G, containing the 10 per cent solution of 
silver sulfate in 98-98.5 per cent sulfuric acid. The cylindrical arm of this tube is 
filled with glass beads moistened with the silver sulfate solution. 

(7) Two Bowen potash tubes, H, having the exit end of the first tube fused 
to the inlet end of the second. Both tubes contain the suspension of chromium tri- 
oxide in 98-98.5 per cent sulfuric acid. The contents of the tubes are renewed when 
most of the chromium trioxide has been removed from suspension. 

(8) A glass tube, 1 , filled with glass wool. This tube is approximately 0.5 cm. 
in diameter and is bent at right angles about 16 cm. from the inlet end. Wagner 
and Ross have pointed out that it is necessary to pass the reaction gases through 
a tube filled with glass wool in order to remove sulfur Irioxide efficiently. Care 
should be taken to replace the tube before the glass wool becomes completely satu- 
rated, as indicated by a perceptible coloration of the wool when it is heated to 
ioo°-i30° C. 

(9) A Meyer sulfur tube, J , containing 50 cc. of distilled water and 10 cc. of 
o.i N hydrochloric acid and connected with the tube /, by means of a rubber stop- 
per. The exit end of the Meyer tube is connected with a source of vacuum through 
a pressure-regulating vessel, K, containing mercury. 

All connections, except the one between the two Bowen tubes, H, are made of 
rubber, and the permanent rubber connections arc coated with shellac. The ground- 
glass stopper in the reaction flask C is lubricated with 98-98.5 per cent sulfuric acid. 
The other ground- glass stoppers are lubricated either with sulfuric acid or a good 
grade of stopcock grease. When the apparatus is not in use, all openings are closed 
to prevent absorption of moisture from the air by the sulfuric acid solutions. 

PROCEDURE 

The sample for analysis is ground to pass a 200-mesh sieve. Its weight will 
depend on the fluorine content of the material, but a maximum sample of i gram, 
equivalent to about 30-40 mg. of fluorine, is preferable in the analysis of phosphate 
rock. The sample must be thoroughly dry, and if it contains an appreciable quan- 
tity of organic matter, as is frequently the case with phosphate rock, it should be 
intimately mixed in an agate mortar with about 0.5 gram of calcium oxide and 
ignited in a muffle furnace at 500° -600® C. for 2 hours. 

The prepared sample is thoroughly mixed with 200-mesh silica in an agate 
mortar and transferred to the dry digestion flask. Addition of anhydrous copper 
sulfate to prevent bumping, as recommended by Wagner and Ross, is not necessary 
when the tube is heated in an electric furnace and the reaction mixture is agitated 
by a current of air. If the sample does not exceed 0.5 gram, 0.5 gram of silica will 
be sufficient, but with larger samples a quantity of silica equal to the weight of the 
sample should be used. The digestion tube is connected in place in the furnace, 
and 40 cc. of 98-98.5 per cent sulfuric acid is added. If the sample contains con- 
siderable carbonate, the acid may be added slowly from a dropping funnel con- 
nected with the digestion flask through a rubber stopper, while a slow current of 
air is drawn through the apparatus. When all the acid has been added, the funnel 
and rubber stopper are quickly replaced by the ground-glass stopper. Most of the 
carbonate also may be removed, prior to digestion with sulfuric acid, by mixing 
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the sample with about 0.5 gram of lime and igniting at 750°-8oo® C. for i hour, loss 
of fluorine being negligible in most cases. 

After the addition of the acid, air is drawn through the apparatus at such a 
rate that a continuous stream of bubbles is obtained. The temperature of 
the digestion tube is rapidly raised to about 250® C. and then slowly increased 
to about 300° C. in the course of about 45 minutes. The temperature is determined 
by means of a thermometer placed with the bulb against the wall of the digestion 
flask at a point about halfway up the sulfuric acid column. After the tube has been 
heated for about 15 minutes, it is shaken at frequent intervals to facilitate solution 
of the white scum that forms on the surface of the acid. The presence of fluorine 
is characterized by the formation of this white scum. Digestion of the sample, 
continued until the scum disappears, usually requires about i hour. Heating is then 
discontinued, and aeration is continued 15-20 minutes longer. 

The Meyer sulfur tube is then disconnected, and its contents are transferred to a 
500 cc. flask. The silica deposited in the tube is removed as completely as possible, 
and the tube is rinsed several times with distilled water. The final volume of solu- 
tion and rinsings in the flask is made up to 200-250 cc. Ten cubic centimeters of 
the standard hydrochloric acid is placed in another flask of the same size and di- 
luted to the same volume. The contents of both flasks are heated to boiling under 
as nearly the same conditions as possible — an electric hot plate gives very uniform 
results — and the boiling is continued for 5 minutes to remove carbon dioxide and 
as much sulfur dioxide as possible. The contents of both flasks are titrated hot 
with 0.1 sodium hydroxide, phenolphthalein being used as an indicator. The end 
point is usually fairly sharp, and it should be approached carefully. 

The final results can be corrected for the small quantity of sulfite and sulfate 
that is usually present in the titrated solution with sufficient accuracy, in most cases, 
by adding bromine water to oxidize the sulfite to sulfate. The solution is allowed 
to stand overnight, and the milky solution obtained by adding 10 per cent barium 
chloride solution acidified with hydrochloric acid is compared with solutions con- 
taining 0.05-0.3 cc. of o.i sulfuric acid in the same volume of water. The small 
quantity of silica present is usually in such a granular condition that it does not 
interfere with the test. The total sulfate found in samples containing but little 
organic matter should not exceed the equivalent of 0.2 cc. of 0.1 N sulfuric acid 
and is usually much less than this figure. 

From the total sodium hydroxide titration there should be subtracted the equiva- 
lent of the fluorine blank on the reagents, the equivalent of the hydrochloric acid 
used in the absorption tut>e, and the equivalent of the sulfate found in the titrated 
solution to obtain the net sodium hydroxide equivalent of the fluorine content of the 
sample according to the following equations : 

( 1 ) 3SiF4 + 2HaO = 2H,SiF4 -f SiO^. 

(2) 2H2SiF«+ i2NaOH = i2NaF + 4HrO + 2Si(0H).. 

The hydrated silica does not react with the dilute standard alkali solu- 
tion. The purpose of the hydrochloric acid in the Meyer tube is to de- 
crease the teyndency of sulfur dioxide to oxidize to sulfur trioxide, but it 
is questionable whether there is any advantage in its use if the quantity of 
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organic matter in tlie sample is small. Dilute solutions of hydrofluosilicic 
acid do not lose fluorine when boiled for a short time. 

The authors state that the procedure outlined has been used for the 
determination of fluorine in approximately 100 samples of different grades 
of phosphate rock from domestic and foreign deposits. No difficulty was 
experienced in obtaining duplicate results that agreed within o.i per cent 
and usually to within less than 0.05 ptr cent of fluorine. 

Recovery of 92-94 per cent of the fluorine present in pure calcium 
fluoride was obtained by digesting the sample with 98-98.5 per cent sul- 
furic acid for i hour at 300° C. The presence of calcium, iron, and alu- 
minum phosphates and sodium arsenate did not interfere in the recovery 
of fluorine from pure calcium fluoride, but boron in the form of borax 
had a detrimental effect. Addition of lime prevented loss of fluorine when 
samples of phosphate rock were ignited at temperatures up to 750° C. 
in order to remove organic matter. 

Iodine. — The presence of iodine has been detected in many natural 
phosphates and is of interest in the discussion of the theory of their 
origin.^ A qualitative test for the detection of iodine may be applied in 
the following manner : A few grams of finely ground phosphate is mixed 
with strong sulfuric acid, and the gases arising from the reaction are 
aspirated into a small quantity of carbon disulfide or chloroform. The 
violet coloration arising indicates the presence of iodine. The gases carry- 
ing the iodine may also be brought into contact with starch paste, the 
well-known blue color being produced. The quantity of iodine present 
in a phosphate is rarely more than 0.001 per cent. 

Iodine in Phosphate Rock High in Carbonates .* — Bring the finely powdered 
material to a thick paste by stirring with a strong caustic soda solution in an iron 
dish. Completely dry, pulverize the residue, and ignite strongly for about 30 minutes 
over a blast, keeping thoroughly stirred so as to effect complete combustion of the 
organic matter that is practically always present in natural phosphates. Continue to 
stir while heating. Digest the product of the ignition with hot water several hours 
in a spacious porcelain dish, filter and wash the residue several times with hot 
water. If the filtrate has a yellowish to brownish color, indicating unoxidized organic 
matter, evaporate it to dryness and ignite again with stirring. Unite the filtrate 
and washings either at once or after a preliminary concentration. Neutralize with 
20 per cent sulfuric acid at room temperature, taking care to avoid losses due to the 
vigorous evolution of carbon dioxide. Concentrate the solution further, seeing that 
it does not acquire an acid reaction, add concentrated ammonia to precipitate 

VEngra's, 10, 65 (iSpS)* 

-Wi’keDcr.u t, Btck and Flcfp, Z. anory. Chew., 172 , 344 (19-28). 
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silica and iron and aluminum hydroxides, etc., filter and wash. Evaporate the filtrate 
and wash waters, stirring constantly (host with a mechanical stirrer) and adding 
occasionally some concentrated ammonia to avoid an acid reaction, until the 
greater portion of the foreign salts, chiefly sodium sulfate, has separated, preferably 
until the filtrate from the crystals is not more than 30-50 cc. Filter, wash several 
times with a little hot water, and again concentrate the filtrate and wash water to 
30-50 cc. and place in a 250 cc. separatory funnel. Measure accurately into the 
separatory funnel i cc. of chloroform for each 200-300 micrograms’ of iodine ex- 



FiC. 6. — Decomposition Flask for lodme Determinations. 


pected and add a few cubic centimeters of nitrous acid. Shake so that the liber- 
ated iodine is taken up by the chloroform. When the chloroform has settled, meas- 
ure 0.05-0.1 cc. of it into an iodine comparison tube,* cover with i cc. of extracted 
liquid from the separatory funnel, and compare the color with known standards in 
similar tubes. 

Iodine in Phosphate Rock Low in Carbonates ! — ^Add dropwise enough water to 
20-100 grams of very finely ground material, in a dry decomposition flask (Fig. 6), 

^ One microgram (7) 0. 000,00 z gram = 0.001 mg. 

»Th. V. Fallenberg, Biochem. Z,, 130 , 396 (1923). 

® Wilke-Dorfurt, Beck and Plepp, Z. anorg. ailgem. Chem., 170 , 344-52 (1928). 
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to moisten it thoroughly. Connect the flask with a wash bottle through which 
carbon dioxide or nitrogen is passed and with a three-bulbed receiver tube and 
wash 1 >ottle, each containing a sodium hydroxide solution. When a moderate flow 
of gas has been established through the apparatus, carefully run 1-2 cc. of concen- 
trated sulfuric acid into the flask. Adjust the rate of addition of more acid ac- 
cording to the gases evolved, stopping when the evolution ceases. Now heat the 
flask in an oil bath gradually to 220°-230° C. for 3 hours to insure that all volatile 
substances are carried by the gas stream into the receiver. Wash the contents of 
the receiver into a beaker, wash the receiver and the connecting tube with hot dilute 
sodium hydroxide solution, neutralize the united liquors carefully, add ammonia, 
filter if necessary, evaporate to 30-50 cc., and complete the determination as di- 
rected above. 

BASIC SLAG 

Calcium. — Treat 5 grams of the finely ground sample in a 250 cc. porcelain 
dish with 25 cc. of hydrochloric acid (i + 1) and 5 cc. of nitric acid (1 + i), stir- 
ring and digesting on a hot water bath until the contents of the dish acquire a gela- 
tinous consistency. Evaporate the contents to dryness and bake on a sand bath at 
about 120® C. until the hydrochloric acid is expelled. Moi.sten the dry residue with 
10 cc. of hydrochloric acid (i -f-i ), digest for 5 minutes on the hot water bath, 
dilute with hot water, and further digest for 10 minutes, stirring thoroughly. Filter 
out the silica and wash thoroughly. Transfer the filtrate into a 200 cc. volumetric 
flask, cool, make to the mark, and mix. Determine total calcium in a 10 cc. aliquot 
by the method described for the determination of total calcium in rock phosphate. 
The calcium in basic slag occurs in combination with phosphorus and silica, also as 
free lime; a small amount occurs as carbonate, which is probably the result of air 
slaking of the lime after the grinding of the slag. 

Manganese. — Weigh 5 grams of the finely powdered basic slag into a 250 cc. 
porcelain dish, add 10 cc. of strong hydrochloric acid, cover the dish with a watch- 
glass, and digest on a water bath for 30 minutes. Rinse the watch-glass into the 
dish, evaporate to dryness, and heat on a sand bath until all odor of hydrochloric 
acid is evolved. Moisten the dry residue with hydrochloric acid (1 -f- 1) and 50 cc. 
of hot water, digest for 15 minutes on the water bath, filter out the silica, and 
thoroughly wash with hot water. Transfer the filtrate to a 100 cc. volumetric flask, 
cool, dilute to the mark, and mix. Transfer a 10 cc. aliquot to a 100 cc. porcelain 
dish on a water bath, add 10 cc. of sulfuric acid (i-f- i), and heat on the water 
bath until the odor of hydrochloric acid is expelled. Transfer the solution to a 
100 cc. Erlenmeyer flask, add 0.0 1 gram of potassium periodate, and heat until the 
purple color of permanganic acid develops. Transfer to the water bath and heat 
for an hour; cool, make the solution to a definite volume, mix, and determine 
manganese according to the colorimetric periodate method as described for man- 
ganese in liming materials. 


BONfi: MBAL 

Calcium. — Ignite 10 grams of the sample to destroy organic matter, transfer 
to a beaker, and proceed as directed for the determination of calcium in rock 
phosphate. 
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Fat. — Weigh 2 grams of finely ground bone meal and extract with ether as 
directed in the chapter on Meat and Meat Products, Methods of Analysis, A, O, A. C. 

Fineness. — Weigh loo grams of the material and transfer it onto a sieve having 
circular openings 1/50 inch (0.5 mm.) in diameter. Sift, breaking any lumps with 
a rubber pestle. Weigh the portion that remains on the sieve and determine the 
fine portion that passed through the sieve by difference. The degree of fineness 
guaranteed by the manufacturer of basic slag is 90 per cent to pass through a ico- 
mesh sieve. 

V.— mSCELLAITEOnS CONSTITUENTS OF NITROGENOUS FERTILIZERS 

Calcium Cyanamide, Cyanamide, Nitrolime, CaCNs — This compound is 
formed by heating calcium carbide to a temperature of about 1100° C. 
and passing a stream of nitrogen gas through the hot material. The nitro- 
gen combines with the calcium carbide to form calcium cyanamide ac- 
cording to the equation CaCg + Ng = CaCNg + C. The nitrogen gas 
must be pure and nitrification of the carbide must be continued to com- 
pletion, otherwise undesirable com|X)unds will be formed with the calcium 
carbide. The finished product found on the market shows considerable 
variation in composition. For example, analyses reported from three dif- 
ferent sources give the following results: 

Results of Analyses of Calcium Cyanamide. 


Moisture (H2O) 

Calcium cyanamide (CaCNs) 

Calcium oxide (CaO) 

Calcium sulfide (CaS) 

Calcium carbonate (CaCOj) 

Calcium nitrate (Ca(NOi)2) 

Calcium hydrate (Ca(OH)?) 

Sodium cyanamide (NaaCNa) 
Magnesium oxide (MgO) 

Iron and aluminum oxides (Fe^Os and 
Silica (SiCh) 

Carbon (C) 

Total 


No 1 

No 2 

No. 3 

Per cent 

Per cent 

Per cent 

— 

— 

3.47 

58.91 

29.26 

45.92 

23-55 

— 

— 

— 

— 

1.73 

— 

0.21 

4.04 

— 

20.06 

_ 

— 

28.78 

26.60 

— 

10.38 

— 

•05 

— 

0.15 

2.44 

2.06 

1.98 

2.19 

1.03 

1.62 

1286 

7.89 

13-14 

100.00 

99.67 

98.6s 


Cyanamide finds its principal use in agriculture as a source of nitrogen 
for plants. When it is applied to the soil it absorbs moisture and under- 
goes changes not fully understood. However, the final products are cal- 
cium nitrate and calcium carbonate. 

Assuming that all the nitrogen of cyanamide is converted to nitric acid, 
which combines with calcium to form calcium nitrate, there will still be 
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an excess of calcium to form carbonate, and the use of calcium cyanamide 
will tend to maintain neutrality in the soil. 

According to Pranke’ cyanamide manufactured in America since 1912 
does not contain any nitrates and the Kjeldahl or Gunning method may 
be used for the determination of total nitrogen in the compound. 

Sodium Nitrate, Chile Saltpeter, NaNO.^. — The commercial product con- 
tains small quantities of potassium, calcium, magnesium, phosphorus, sul- 
fates, chlorides, chlorates, perchlorates, iodides and iodates. Since the 
quantity of any one of these constituents is small, it is not always necessary 
to resort to quantitative determinations. However, if it should be de- 
sirable to make determinations of chlorides, chlorates, perchlorates and 
iodides in Chile saltpeter, the methods given on pp. 463-4 are applicable. 

Poultry Manure. — The quantity of poultry manure produced on the farm 
has been estimated to be about 30 pounds per bird annually. Since this 
kind of manure is rich in nitrogen and mineral matter, unusual care 
should be taken to conserve and utilize it in the most economical manner 
possible. To prevent the loss of nitrogen the fresh moist material should 
be mixed with a dry absorbent such as land plaster (gypsum), shattered 
leaves of plants or cut straw, and stored in a dry place until it is ready 
for use. The manure of hens fed ground oystershell or limestone will 
contain considerable calcium, and therefore its use adds to the soil a cer- 
tain amount of this element as well as appreciable quantities of phos- 
phorus and potassium. Undoubtedly it is the correct proportions and the 
easily available form of the nitrogen, phosphorus, calcium and potassium 
in this kind of manure that make it a favorite among truck gardeners. 

Ooano and Cave Deposits. — The principal constituents of value in these 
deposits are nitrogen and phosphoric acid. The other organic matters 
are also of some value, but they have no commercial rating. The nitrogen 
may be present in all its forms, vi:;., organic, ammoniacal, amide, and 
nitric, and for this reason it is well suited to furnish nourishment to the 
plant in the earlier stages of its growth as well as to supply its later needs. 
In caves, due usually to the presence of bats, similar forms of fertilizers 
are found, and the soluble constituents due to decay and nitrification are 
protected from the leaching to which they would be subjected in the open 
air. 

In some localities in the United States a few open deposits are found, 
but the humidity of the climate, except in the arid regions of the West, 
has prevented the formation of the immense open deposits of guano that 

’ Cyanamid (1913). 
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characterize some of the arid islands of the Pacific Ocean. In old cave 
deposits the processes of decay and nitrification seem to have been com- 
pleted, and very little power of inducing nitrification in culture solutions 
seeded from these samples has been found. 

Waste Leather. — This material belongs to that class of nitrogenous sub- 
stances which have a small immediate value for plant nutrition. The 
chief manurial value is found in its nitrogen content. Its value as avail- 
able plant food has been investigated by Lindsey,^ who also gives a com- 
plete resume of the literature. 

A satisfactory w^ay of identifying leather waste is by the process pro- 
posed by Dabney.* It depends on the color produced in a solution of iron 
phosphate by the tannin compounds derived from the leather. The re- 
agent is prepared by dissolving a freshly made precipitate of iron phos- 
phate from lo grams of ferric chloride in 400 cc. of an aqueous solution of 
40 grams of glacial phosphoric acid. A gentle heat promotes the solution 
of the phosphate. 

In the case of a fertilizer supposed to contain leather, about i gram 
of the material is treated with 30 cc. of water and a few drops of sul- 
furic acid. The mixture is boiled and poured on a filter. To a portion of 
the filtrate, some of the solution of iron phosphate is added and the mix- 
ture is made alkaline with ammonia. If leather is present in the sample, 
a purple or wine color will develop. By this method leather can be de- 
tected when it is added in 10 per cent quantities. Lindsey regards this 
method as superior to the microscopic method, which is unreliable in the 
case of finely ground material. 

Hair and Horn. — Waste hair and horn also have a high nitrogen content, 
and in certain circumstances they may become valuable for manurial pur- 
poses. To this end, however, a treatment similar to that prescribed for 
leather is imperative. In the natural state hair and horn decay so slowly 
as to be of little practical use for plant food, but the preliminary digestion 
of these substances with sulfuric acid brings a large proportion of their 
nitrogen within reach of the growing crop. 

Fertilizer materials sometimes contain adulterants such as sand, saw- 
dust, ashes, powdered coal, gypsum, etc. Samples should therefore be 
subjected to a careful examination, to see if adulterants are present. 


^ /. Affr. Set,, 8 , 49, 98 (1894). 

‘North Carolina Agr. Exp. Sta. Bull. 3 (1S79). 
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DETERMINATION OF MISCELLANEOUS CONSTITUENTS 
OF NITROGENOUS FERTILIZERS 

calcium; CYANAM1DE3 

Dicyandiamide. — According to Pranke,’ of the various methods for the 
determination of dicyandiamide in cyanamide that of Caro^ seems to be 
the best. The method is as follows : 

RKAGKNTS 

(a) Silver acetate solution . — Place 100 grams of silver acetate in a liter flask, 
cover with 400 cc. of 10 per cent ammonium hydroxide, fill the flask to the mark 
with water, and mix 

(b) 10 per cent solution of potassium hydroxide, 

determination 

Agitate 5 grams of cyanamide with 450 cc. of water for about hours and 
fill the flask to 500 cc. Treat an aliquot of 250 cc. with ammonia until it smells 
strongly thereof and then with silver acetate solution in excess. After shaking and 
allowing to stand a short period, filter the precipiate of silver cyanamide salts until 
free of ammonium salts and determine nitrogen in the precipitate by the Kjeldahl 
method. Then treat an aliquot part of the filtrate, which is now free of cyanamide, 
with an excess of potassium hydroxide solution and boil until the ammonia is ex- 
pelled. The precipitate contains all the dicyanamide and some silver oxide. Dilute 
the solution with an equal volume of water, filter and wash the precipitate, and de- 
termine its nitrogen content by the Kjeldahl method. 

Calcium and Magnesium. — Weigh and transfer 0.5 gram to a beaker and 
digest in 20 cc. of hydrochloric acid (i -f- i), stirring occasionally for 15 minutes. 
Filter out and wash the insoluble residue and determine the calcium and magnesium 
in the filtrate according to the method for these elements given under the analysis 
of limestones. 


SODIUM NITRATE! 

Total Chlorine. — Fuse s grams of the sodium nitrate in a platinum dish with 
three times its weight of calcium hydrate or sodium or potassium carbonate, where- 
by all of the chlorine compounds are converted to chlorides. If the compounds 
are present as alkali salts, fuse with ammonium chloride in a platinum dish and 
determine the total chlorides in an aliquot after dissolving the residue in nitric acid 
and making the solution to a definite volume. 

Chlorate. — Weigh 5 grams of the sodium nitrate and transfer to a 250 cc. 
Erlenmeyer flask; add 150 cc. of i per cent acetic acid and 10 grams of zinc dust 
(Cl-free), and boil for 30 minutes. Filter, wash, and determine chlorides by acidi- 
fying the solution with nitric acid (cold) and precipitating with silver nitrate; filter, 
wash, dry and weigh the silver chloride. Subtract the weight of silver chloride 
^ Cyan amid, p. ao (1913). 
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obtained under “chloride” to give the weight of silver chloride corresponding to 
the chlorate. 

Chloride. — Weigh 5 grams of the sodium nitrate and transfer to a 150 cc. 
Erlenmeyer flask; dissolve the salt in cold water, acidify with cold nitric acid, 
filter, and wash any insoluble residue. Precipitate chlorides by the addition of silver 
nitrate, filter, wash, dry, and weigh the silver chloride. 

Perchlorate. — Subtract the weight of silver chloride obtained under “chlorate” 
from the weight of silver chloride under total chlorine and multiply the difference 
by the factor for the perchlorate. 

The factors are as follows : 


AgCl X 0.2474 = 
AgCl X 0.4078 = 
AgCl X 0.5202 = 
AgCl X 0.8550 = 
AgCl X 0.9667 = 


Cl 

Cl 

NaCl 

Cl 

KCl 

Cl 

KCIO, 

Cl 

KCIO. 

Cl 


X 3 4563 = KClOs 
X 3 9075 = KCIO4 
X 2.1027 = KCl 
X 30028 = NaClO* 
X 3 4535 = NaClO^ 


Iodine. — Weigh 10 grams of the pulverized salt, transfer to a beaker, and ex- 
tract the iodides and iodates by digesting and stirring with strong alcohol. Decant 
the alcoholic extracts through a filter, add a few drops of 10 per cent sodium hy- 
droxide, and evaporate to dryness on the hot water bath. Dissolve the residue in 
a few cubic centimeters of water and determine the iodine according to the method 
described for iodine in phosphatic fertilizers. 

GUANO 

Oxalic Acid. — Weigh 5 grams of guano into a beaker, add 50 cc. of hot water, 
digest with stirring for 15 minutes, and filter; wash, make the filtrate alkaline with 
ammonia, and filter; wash the precipitate, add a solution of calcium chloride in ex- 
cess to the hot filtrate, and filter ; wash the precipitate of calcium oxalate and ignite. 
Calculate the percentage of oxalic acid 

Uric Acid. — Uric acid is a natural constituent of Peruvian guano. If 
it is necessary to make a quantitative determination of the uric acid in 
guano the methods of Benedict^ or Folin^ are applicable. 


VI.— EAfiEB FEBTILtZEB ELEHEUTS OF STIMULATIVE OB CATALTTIC 
EFFECT UPON CBOP OBOWTH 

MANGANESE, COPPER, ZINC AND BORON 

Recent experiments conducted at the Kentucky Agricultural Experiment 
Station show that small quantities of manganese, copper, zinc and boron 
have beneficial effects on the growth of plants. It has also been demon- 
strated by other investigators that when small quantities of compounds 
of these elements are added to certain soils in this country a remarkable 

* /. Biol . Chem ., 58 ^ 387 (1922). 

* Ibid ., C 4 , 153 (1922). 
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stimulation in the growth of plants occurs. In practical agriculture some 
depleted soils may require the addition of small quantities of available 
compounds of manganese, copj>er, zinc and boron in order to restore and 
maintain productivity and to produce a food supply containing the vital 
factors in normal proportion. 

Manganese. — Weigh 10 grams of finely ground commercial fertilizer into a 
silica dish and ignite gently until all organic matter is consumed; cool, and digest 
on the hot water bath with hydrochloric acid (i + 0 with stirring; filter out and 
wash the insoluble residue. Make the filtrate to 100 cc., transfer an aliquot of 50 
cc. to an evaporating dish, add 10 cc. of strong sulfuric acid, and heat on the water 
bath until the hydrochloric acid is expelled. If considerable calcium sulfate is 
present, filter on an asbestos pad and wash. Transfer the filtrate to a 200 cc. Erlen- 
meyer flask, add about 0.05 gram of potassium periodate, and boil over a Bunsen 
flame, rotating the flask in the meantime until the characteristic purplish perman- 
ganic acid color develops. Continue to heat on a hot water bath for an hour and 
set aside to cool. If the color is deep purple, dilute the solution to a definite volume. 
Remove an aliquot and match against a standard manganese solution in Nessler 
jars or in a colorimeter. Compute the results as percentages of manganese (Mn 
or MiiaO^). The standard solutions of manganese are prepared as described under 
manganese in limestone. 

Copper. — Weigh 100 grams of the finely ground fertilizer into a beaker and 
add enough water to cover the fertilizer and 25 cc. of hydrochloric acid (i + i). 
Place the beaker on a hot water bath and digest with occasional stirring. Filter 
and wash the insoluble residue. Evaporate the filtrate until the hydrochloric acid 
is expelled. Dissolve the residue in hot distilled water and enough dilute hydro- 
chloric acid to bring the soluble salts into solution with considerable stirring; dilute 
to about 400 cc, with water and heat to near boiling. Saturate the hot solution with 
hydrogen sulfide, stopper tightly, and set aside until the precipitate has .settled to 
the bottom of the flask and the solution has cooled to room temperature. Filter and 
wash any precipitate that has formed with a cold dilute solution of hydrochloric 
acid (i 4“ 10) that has been saturated with hydrogen sulfide. Finally, rinse the 
precipitate of copper sulfide three times with distilled water, dry, ignite the copper 
sulfide to copper oxide, and proceed from this point as described in the method for 
the determination of copper in limestones. 

Zinc. — ^Weigh 25 grams of fertilizer and transfer to a beaker; digest on a hot 
water bath with 25 cc. of hydrochloric acid (1 + i) with occasional stirring; filter 
out the insoluble residue and wash thoroughly. From this point follow the descrip- 
tion given for the determination of zinc in limestones. 

Boron. — Reagents: Eighty-five per cent phosphoric acid, 95 per cent methyl 
alcohol and normal hydrochloric acid. Apparatus: Two 200 cc. round-bottom 
flasks, a Liebig condenser, and a 200 cc. Erlenmeyer receiving flask. 

DETERMINATION 

Transfer S grams of the mixed fertilizer to one of the 200 cc. round-bottom 
flasks, add 5 cc. of 85 per cent phosphoric acid and 20 cc. of methyl alcohol, and 
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connect with the condenser. Add loo cc. of methyl alcohol to the other 200 cc. 
round-bottom flask, and place it in a water bath. Connect the two flasks by means 
of rubber tubing and bent glass tubes, one of which extends beneath the alcohol 
in the flask connected with the condenser. Place the receiving flask in position at 
the end of the condenser and apply siiflicient heat to the water bath to keep a steady 
flow of bubbles of methyl alcohol vapor passing through the flask directly con- 
nected with the condenser. (This flask must be heated sufficiently to keep the 
volume of liquid in it at about 25 cc.). Distil until 100 cc. of distillate is collected. 
Add 3 drops of phenolphthalein indicator to the distillate and o.i A sodium hy- 
droxide to a permanent pink color. Stopper the flask, shake well, connect with a 
condenser by means of a Hopkins bulb, and distil off the alcohol on a water bath. 
Transfer the residue, which should not be less than 10 cc., to a platinum or porce- 
lain evaporating dish, using as small a quantit> of wash water as possible, and 
evaporate to dryness on a hot water bath. Ignite below' redness, cool, and acidify 
W'ith a few drops of normal h>drochloric acid. Add 25 cc. of water and warm for 
about 2 minutes on a hot w'ater bath. Filter into a small flask, thoroughly wash the 
filter, dilute to about 50--75 cc., attach to an air-cooled reflux condenser, and boil 
gentb' for a few minutes to remove carbon dioxide. Add 3 drops of methyl red 
indicator and then o.i N sodium hydroxide until the red color just disappears. 
Add about i gram of mannitol or less if but a small amount of boron is present. 
If boric acid is present, the solution will have a pink color at this point, o.oi or 0.02 
per cent usually being sufficient to give the color if the solution has been carefully 
neutralized with the sodium hydroxide solution. Add 3 drops of phenolphthalein 
indicator and titrate the solution with o.i N sodium hydroxide. A blank should be 
run with the reagents. One cc. of 0.1 AT sodium hydroxide solution is equivalent 
to 0.0062 gram of boric acid, or to 0.00503 gram of anhydrous borax. For a more 
detailed description of the method see Methods of Analysis, A. 0 . A. C. 
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INSECTICIDES AND FUNGICIDES 


By C. C. McDonnEi.!., Sc.D., Insecticide Control, Food and Drug Ad- 
ministration, U. S, Department of Agriculture, mth the Collabora- 
tion of J. J. T. Graham, -^. 5 *., C. M. Smith, BS,, and E. L. 

Griffin, Ph,D,, Senior Chemists, Food and Drug 
Administration, U. S. Department of Agriculture 

CHAPTER I 

DffTEODUCTION 

Insecticides and fungicides are used in large quantities by agriculturists 
in all parts of the world, their sale amounting to over lOO million dollars 
annually in the United States alone. Therefore methods of analysis for 
their determination are important. Since disinfectants also come within 
the scope of the Federal Insecticide Act, the methods of analysis of this 
class of materials are also included. 

An insecticide is defined in the Federal In.secticide Act of 1910 as “any 
substance or mixture of substances intended to be used for preventing, 
destroying, rei>elling or mitigating any insects which may infest vegeta- 
tion, man or other animals, or households, or be present in any environ- 
ment whatsoever.” Hundreds of materials fulfil one or more of these 
functions, or are claimed to do so, and hence the insecticide chemist is 
called upon to analyze a great variety of products. 

Insecticides may be divided into several classes or groups according to 
their action on insects. One class, frequently called “stomach poisons,” 
includes those materials which, when ingested by insects, produce death 
through toxic action in the digestive tract. This group, which is the 
largest, includes the various compounds of arsenic, compounds of fluorine, 
borax, hellebore, and phosphorous. Another class comprising those com- 
pounds commonly called “contact insecticides,” which act directly upon 
the bodies of the insects with which they come into contact, includes such 
materials as nicotine solutions and dusts, pyrethrum powder and extracts, 
sulfur, soap, oil emulsions and larkspur extracts. A third class, fumi- 
gants, includes those materials which produce vapors that act uix)n the 
insects through the respiratory organs, such as liquid hydrocyanic acid, 
sodium and potassium cyanides, calcium cyanide, paradichlorobenzene, 
naphthalene, ethyl acetate, carbon tetrachloride, carbon disulfide, sulfur 
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dioxide aiid chloropicrin. There are also many materials which are more 
or less effective, in the strengths in which they are ordinarily used, in 
repelling such insects as flies and mosquitoes without actually killing them. 
This group includes pine oil, chloroform, mineral and coal tar oils, and 
many essential oils — citronella, wintergreen and others. Finally, there are 
others that act as attractants to lure the insects to traps or poisoned food. 
A striking example of this group is geraniol in its action in attracting the 
Japanese beetle. 

A fungicide is defined in the Insecticide Act as ‘‘any substance or mix- 
ture of substances intended to be used for preventing, destroying, repel- 
ling or mitigating any and all fungi that may infest vegetation or be 
present in any environment whatsoever.’' From an agricultural viewpoint 
the most important fungicides are those used for the control of fungi at- 
tacking plants, but since the bacteria are a subdivision of the fungi, dis- 
infectants are also treated in this section. 

The fungicides most commonly used on plants are sulfur and its com- 
pounds, the compounds of copper, and certain mercury compounds, while 
those used as germicides and disinfectants include hypochlorites, mer- 
cury compounds, phenol and other coal tar products, formaldehyde and 
sulfur dioxide. 

For the sake of brevity, whenever any observation relating to insecti- 
cides and fungicides in general is made in this section, the term “insecti- 
cide” will be used indiscriminately for any of these classes of products. 

Some insecticides are produced from certain plants which contain alka- 
loids or other poisonous constituents. A product consisting of the ground 
flowers of the plant known as pyrethrum was used centuries ago to kill 
certain insects, and this is still one of the most important insecticides. 
This plant is extensively cultivated in Japan and some other countries for 
this purpose. Tobacco also is used at times with no preparation other 
than drying and grinding into powder. Several thousand tons of tobacco 
stems and refuse from factories engaged in the manufacture of tobacco 
products are used annually in this way, or for the extraction of nicotine 
for use as an insecticide. The finely ground root of certain species of 
hellebore is one of the oldest insecticides. The powdered root of some 
species of derris has also come into use in recent years. 

Other insecticides have been made from industrial waste products. For 
example, London purple, originally the waste product from the manufac- 
ture of certain dyes, consisting essentially of the arsenate and arsenite of 
calcium, is one of the oldest arsenical insecticides, and it was used in large 
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quantity at one time. The fluorides and silicofluorides may be considered 
as by-products in that hydrofluoric acid is obtained only incidentally in 
the manufacture of phosphate fertilizers. On the other hand, the manu- 
facture of most insecticides is now a specialized industry, and the various 
insecticides are the direct products of the technical operations employed. 

While it might seem the more logical way to treat insecticides and fungi- 
cides in groups according to their uses, so much overlapping occurs that 
the writers decided to make a chemical classification and treat them under 
the headings arscnicals, copper compounds, sulfur compounds, etc., after 
some general phases of insecticide analysis, such as sampling, physical ex- 
amination, and preparation for analysis had been discussed. 



CHAPTER II 


SAMFima 

The sampling of insecticides for analysis involves the same problem 
as the sampling of any other product — that of selecting from a quantity 
of material a comparatively small portion which will be representative 
of the original in its properties and chemical composition. The great 
variety of materials used as insecticides and fungicides and the hetero- 
geneity of many of them make the proper sampling of such materials a 
difficult problem, and no hard and fast rules can be established to cover 
all cases. 

Insecticides and fungicides are shipped in packages of various weights 
and volumes, practically never in bulk. Household insecticides are usually 
sold in containers holding from i ounce to i gallon if liquid, and in 
cartons holding i ounce to i pound if solid. The strictly agricultural 
insecticides and fungicides may be put up in i-io pound packages for 
garden use, and 50-200 pound drums for large scale use; or if liquids, in 
various sizes up to 50 gallon drums. True gaseous materials are prac- 
tically never encountered among insecticides. Chlorine, sulfur dioxide 
and hydrocyanic acid when sold for this purpose are packed in steel 
cylinders under pressure and are in liquid form. 

In general, the square root of the number of packages in a shipment 
may be considered as a sufficient number from which to take samples. 
These should be selected at random unless some preliminary test, such as 
is described later in connection with calcium arsenate, is being applied. 

The sampling of shipments made up of small packages presents com- 
paratively little difficulty, it being sufficient to select the requisite number 
of vrhole packages. Large packages present greater difficulties, because 
they must be sampled in place. Four distinct cases present themselves, 
according to the nature of the material. 

(i) Dry Material in the Form of Powder, Granules, Blocks or Lumps. 
— If a solid insecticide is finely ix)wdered, or not too coarsely granular, 
it may be sampled by means of the usual form of sampling ‘^trier'' de- 
scribed on p. II. The trier should be long enough to reach the full 
length of the drum or barrel. If the head of the container is not remov- 
able, the trier may be inserted through holes bored in the head if the 
container is of wood, or if of metal by removing the cover or cutting out 
a piece of the metal. If the material is in blocks or lumps, the only course 
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available is to empty the contents of the container and select pieces at 
random from various parts of the pile. 

(2) Miscible Liquids, — In this case sampling is quite simple, since 
all that is necessary is to agitate the contents of the container to insure 
thorough mixing and then to draw off a portion by means of a faucet, 
siphon or dipper. 

(3) Mixture of Liquid and Solid. — Products of this type are fre- 
quently encountered; they vary from mixtures in which the liquid pre- 
dominates, to stiff pastes in which the solid predominates. The greatest 
care is necessary in sampling such materials. The solid deposit must be 
thoroughly distributed through the liquid, by stirring, shaking or kneading, 
as the case demands, but the ease with which this distribution is accom- 
plished varies greatly. Especial difficulty is encountered when the con- 
tainers have stood undisturbed for a long time, when the liquid is viscous, 
or when the product is a stiff paste. After thoroughly mixing the ma- 
terial, the samples must be drawn as rapidly as possible to prevent any 
appreciable segregation during the process. Thick pastes can sometimes 
be sampled with a trier as described under solid material, but this should 
only attempted by an experienced sampler who is familiar with the 
character of the material. 

(4) Materials Consisting of Two {or more) Immiscible Liquids . — 
This type of product is quite common since it embraces most oil emulsions. 
No matter how well mixed an emulsion may have been when packed it is 
subject to some separating out on standing. A properly made emulsion 
will mix thoroughly with very little agitation and will separate so slowly 
that samples may be withdrawn without any special precautions. On the 
other hand, multilayer liquids will sometimes be encountered which sepa- 
rate so rapidly that it is difficult to get a representative sample. In ex- 
treme cases it may be jiecessary to use a cylindrical sampling tube with a 
valve at the bottom. The tube, with valve open, is slowly immersed in 
the material until it reaches the bottom of the container; the valve is 
then closed ; the tube is withdrawn, and the contents are transferred to a 
bottle or other suitable container. 

Importance of Individnal Samples. — Owing to the fact that a 100 or 
200 pound drum of material is sufficient for the treatment of several 
acres of crop, and hence may cause great damage if it is of inferior grade, 
an additional question arises in connection with the sampling. The ])ur- 
chaser is not interested solely in a knowledge of the average composition 
of the shipment; he desires to be reasonably sure that every package is 
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satisfactory. Hence composite samples should not be taken; and those 
from each package should be kept separate so that analyses of individual 
packages may be obtained. In case the analysis shows one or more 
packages to be unsatisfactory for use, all packages in the shipment, if 
available, should be examined. 

In order to lighten the labor of sampling and analysis in such a case, 
it is sometimes possible to select by simple preliminary tests the samples 
that are faulty. For example, calcium arsenate that does not contain 
considerable free calcium hydroxide generally shows high water-soluble 
arsenic and is consequently injurious to foliage and unsafe to use. A 
simple test with an alcohol solution of phenolphthalein will serve to in- 
dicate those packages containing little or no free lime, and thus those 
that are probably defective may be easily selected. 

Laboratory Sampling. — The same problems that confront the inspector 
in picking representative samples from a large shipment of packages also 
confront the analyst when he conies to separate a small working sample 
from the larger portion submitted. Powdered insecticides sold under 
proprietary names may be very heterogeneous, and the analyst should 
take special care to mix them thoroughly. In general all lumpy materials 
should be ground reasonably fine before analysis. In certain cases it is 
practically impossible to grind a sample, as for instance when it consists 
of sodium hydroxide, and in other cases there may be considerable loss 
of volatile constituents during the grinding, as in the case of cyanides. 
In these cases, the only course open to the analyst is to put a large sample 
into solution and take small portions for analysis by aliquoting. Some 
samples are subject to deterioration, and they must be preserved in special 
ways. For example, lime sulfur decomposes under the action of the air, 
and should be preserved in bottles that are filled entirely to the neck. 
Several small portions should be thus preserved so that if additional 
tests are needed a fresh bottle can be opened. Samples containing water, 
naphthalene, paradichlorobenzene, formaldehyde, nicotine, cyanides, hy- 
pochlorites or any other volatile material must be preserved in glass con- 
tainers, with the stoppers sealed, if the analysis is not to be made promptly. 
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PHYSICAL METHODS FOR EXAMININO INSECTICIDES 

(a) Net Weight. — Obtaining the net weight of packaged samples ordi- 
narily offers no difficulty, since it is only necessary to weigh the package 
as received, empty the contents, and rew^eigh the empty package. If it is 
necessary to wash the container to remove the last of the contents, it should 
be dried before it is weighed. 

No single type of scale is suitable for all net weight determinations. 
An ordinary large size laboratory balance suffices for samples whose gross 
weight does not exceed 5 or 6 ])ounds; a balance weighing to 0.5 or i.o 
gram will be sufficiently sensitive since an error of as much as one gram 
in a I ])ound sample will represent a departure of only 0.2 per cent. For 
samples whose gross weight is 10 pounds or more, a small platform scale 
with a sensitivity of i ounce may be used. 

(b) Net Volume. — Many samples of insecticides are liquids or suspen- 
sions of solids in liquids, and the packages bear a statement of content in 
terms of volume. The determination of net volume presents greater dif- 
ficulties than the determination of net weight because the volume of liquids 
varies with the temperature. Therefore a temperature that represents 
reasonably close the average room temperature throughout the year should 
be adopted ; 20® C. is suggested for this purpose. This is also the tempera- 
ture at which mo.st specific gravity determinations of liquids are made. 

In the case of mobile liquids, the volume may be determined most simply 
by pouring the contents of the can into a graduated cylinder and reading 
the volume directly. The analyst should assure himself that no appre- 
ciable quantity of liquid remains in the can. If such a determination shows 
the product to be above the guaranteed volume, this method is considered 
sufficient. In case the volume is slightly less than claimed, the weight of 
the liquid adhering to the can may be determined by first weighing the 
can and material, washing with a suitable solvent to remove the material, 
drying, and reweighing. From the weight of the adhering liquid and the 
specific gravity as determined on the bulk of the liquid, the volume of 
adhering liquid may be calculated. When the sample to be measured 
consists of a very viscous liquid, it is always necessary to use the com- 
bination weight and specific gravity method just described. In the case 
of emulsions too thick to flow it is impossible to get more than an ap- 
proximate measurement. The best procedure is to mark the height of the 
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material in the original container, completely empty and clean the con- 
tainer, and then measure the volume of water necessary to fill it to the 
mark representing the original level. 

(c) Specific Gravity. — The determination of specific gravity is valuable 
in the examination of original samples, such as lime sulfur, mineral oils, 
tar oils, etc.; in the examination of constituents separated from samples, 
such as mineral oil from emulsions, alcoholic distillates, and water ob- 
tained by the xylene distillation and Penfield methods; and in measure- 
ment of net volume as described previously. 

When the quantity of liquid available is sufficient, the simplest instru- 
ments to use for the determination of specific gravity are the hydrometer 
and the Westphal balance. For small quantities of liquids, the various 
forms of pycnometer will prove useful. The 25 and 10 cc. sizes of the 
style containing thermometer and capillary side arm are quite serviceable, 
and the 5, 2, and i cc. sizes of the style containing a perforated stopper 
are useful in examining essential oils, unsulfonated residues, water, etc., 
when only small quantities of the.se constituents are available. In some 
cases a small volumetric flask is made to serve as a pycnometer, as for 
instance in the distillation and estimation of alcohol from alcoholic liquids. 

It is seldom necessary to determine the specific gravity of any solid in- 
secticides or constituents thereof. In all specific gravity determinations, 
close attention must be given to the temperature. In general, they should 
be made at the temperature for which the instrument used has been cali- 
brated, frequently 20° C. If for any reason the determination is made 
at some other temperature, correction must be made. All reports of 
specific gravity determinations should be accompanied by a statement of 
the temperature of the material and of the water with which it is com- 
pared ; 4^^ C. is the temperature most commonly used for comparison and 
therefore the specific gravities of liquids are usually designated as sp. gr. 
t°/ 4 °. 

(d) Refractive Index. — Refractive indices serve to identify water, oils, 
and other liquids separated from liquid insecticides during analysis, and 
they are the principal means of identifying the components of heterogene- 
ous mixtures of solids that are sold as insecticides under proprietary 
names. 

For the determination of the refractive indices of liquids, the Abbe re- 
fractometer is entirely satisfactory ; it requires only a drop or two of 
material and has ample range for all liquids likely to be encountered in 
work with insecticides. The determination of the refractive index of 
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solid materials, however, is more difficult. The only method suitable for 
the small particles present in powdered insecticides requires a set of liquids 
of known refractive index, with which the material is compared under a 
microscope. The solid particles are considered to have the same refrac- 
tive index as the liquid in which they are least visible. Since most ma- 
terials are anisotropic and therefore have more than one index of refrac- 
tion, it is necessary for accurate work to use a polarizing microscope in 
order that the characteristic refractive indices may be selected for mea- 
surement. It is evident, therefore, that a knowledge and skill in the use of 
the petrographic microscope, which the ordinary analyst is not expected 
to possess, is necessary, but in the hands of a competent microscopist the 
method permits widespread application. Owing to lack of definite crys- 
talline structure, extreme state of subdivision, and absence of known 
constants of materials, the method will not yield results in all cases, but 
it can and does furnish much valuable information. 

(e) Microscopic Examination. — More extensive use can be made of the 
microscope in identifying insecticides than the mere determination of re- 
fractive index just described. The ordinary compound microscope is 
used to identify plant materials, to make micro-chemical tests which will 
aid in the qualitative analysis of a material, and to examine bacteria in the 
testing of disinfectants. A petrographic microscope can furnish additional 
data on birefringence, optical character, extinction angles, etc., which 
frequently provide more certain identification of compounds. 

Microscopes should be equipped with at least 16 mm. and 4 mm. objec- 
tives and with an oil immersion objective of high numerical aperture if 
bacteriological work is to be carried on. Several eye-pieces, one of which 
should contain a scale or grating for measuring purposes, should also be 
available. These instruments are most serviceable in large laboratories 
where the services of skilled microscopists are available, as is the case in 
the laboratory of the Food and Drug Administration. 

(f) Polariscopic Examination. — ^The principal use of the polariscope 
in the analysis of insecticides is for the determination of sugar (which is 
sometimes used as a bait in household insecticides) and for identifying cam- 
phor and various essential oils. 

(g) Melting Point. — ^The melting point will be found of great service 
as a means of identifying constituents which have been separated from 
mixtures. The customary method of determining melting point is to put 
the material into a small, thin- walled tube (closed at one end) and to im- 
merse it in a suitable heating liquid in contact with the bulb of a ther- 
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mometer. The tube is slowly heated, and the temperature at which the 
material softens or melts is noted. 

In some cases this method is unsatisfactory owing to the nature of the 
material. If enough sample is available the congealing point is determined 
instead. A test tube is partly filled with the material, which is melted. A 
thermometer is immersed in the material, and the whole is allowed to 
cool slowly. The liquid will normally supercool somewhat, and when 
solidification begins the temperature will rise a degree or two. The max- 
imum temperature reached at this stage is considered to be the congealing 
point. This method may be advantageously used, for example, in the 
determination of the purity of naphthalene and phenol. 

A prerequisite for satisfactory melting-point determinations is a set of 
standard thermometers, preferably the short-stem type, with a range of 
about 50^ C. each. 

(h) Boiling Point and Distillation Eange. — The process of fractional 
distillation is frequently used in insecticide analysis. The boiling points 
of the fractions obtained also frequently serve to identify particular com- 
ponents, such as carbon disulfide, carbon tetrachloride, etc. Usually dis- 
tillations are made from side-neck distilling flasks, and ordinary straight 
condensers are sufficient, but occasionally it is necessary to use one of the 
more efficient fractionating columns. 

Vacuum distillation is seldom required, but steam distillation is fre- 
quently used, as in the recovei*y of nicotine, phenols, etc. 

(i) Sublimation. — The uses for sublimation in the analysis of insec- 
ticides are not numerous. The principal materials regularly recovered 
by this process are naphthalene and paradichlorobenzene. Any standard 
form of sublimation apparatus is suitable; even the use of two watch- 
glasses ground to fit along the edges may be made to furnish satisfactory 
results. 

(j) Degree of Fineness. — Whereas the toxicity of an insecticide to in- 
sects and its harmlessness to plants or animals are primarily dependent 
upon the chemical nature of the material, its commercial application may 
be largely influenced by its physical condition. Undoubtedly the most im- 
portant physical characteristic is the degree of subdivision. Materials 
designed for use as aqueous suspensions for spraying trees must be pow'^ 
dered finely enough to pass freely through the spray nozzles, must suspend 
fairly well in water, and must distribute well when api)lied to foliage. 
Materials intended for dusting purposes must flow freely through the 
dusting machines, and must approximate roughly a certain optimum fine- 
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ness so that they will distribute well without drifting too far before 
settling. 

Numerous attempts have been made to measure the rate of settling of 
spray materials, but most investigators have worked with too great con- 
centrations and have measured rate of packing rather than rate of settling. 
However, with the use of power-driven agitators, the question of sus- 
pending power has become of minor importance, and no method of deter- 
mination has attained sufficient importance to become generally used. 

With the increase in the use of dusts, however, the particle size or 
degree of fineness continues to be of considerable interest, and its de- 
termination is at times important. Unfortunately, the obvious method 
of determining it — sifting in a set of standard sieves — is not serviceable. 
Although Paris green at times will show as much as 50 per cent retained 
on a 32S-mesh sieve (the finest mesh ordinarily obtainable) and hence 
be su])ject to a more or less satisfactory screen analysis, calcium arsenate 
and lead arsenate are ordinarily so finely ground that all but a small per 
cent will pass the 32S-mesh sieve, and hence sifting serves simply to 
prove that the particles are very small. Even to arrive at this conclusion 
requires that the material be washed through the sieves with a suitable 
liquid, since an attempt at dry sifting refsults in a balling-up of the material 
and a clogging of the sieve which it is practically impossible to overcome. 

Of the many indirect methods that have been pro]'X)sed and used for 
particle size deteimination, perhaps those most suitable for insecticide 
analysis are the ones based upon elutriation or sedimentation under con- 
trolled conditions. Elutriation leads to a separation of the material into 
fractions in the same manner as sifting, and a knowledge of the rate of 
sedimentation can be made, by mathematical considerations based on 
Stoke’s law, to yield a complete size- frequency distribution curve, as 
shown by Oden. For such purposes, liquids that do not affect the product 
and that cause it to deflocculate as much as possible should be used. Al- 
cohol has been found to be fairly suitable for calcium arsenate and lead 
arsenate. However, these methods have attained no general use in in- 
secticide analysis. 

A more convenient, but much less accurate method, of judging the fine- 
ness of a powdered material consists in measuring the apparent volume 
occupied by a given weight of the material when the latter is introduced 
into a measuring apparatus in some specific manner. Powdered materials 
do not completely fill the space they appear to occuj)y. for two reasons — 
first, the particles are irregular and do not stack up regularly, and second, 
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they are surrounded by adsorbed air which tends to further separate 
them. The proportion of adsorbed air is a function of the surface of 
the product, and since the latter increases with increasing fineness, the 
apparent volume occupied by a material is greater the more finely it is 
powdered. Thus the apparent volume may be used as an approximate 
measure of the fineness of a material. 

It has been used in this way in the insecticide industry. When calcium 
arsenate became important as a means of controlling the cotton boll weevil, 
its suitability for dusting was found to be a function of its fineness, and 
the Delta Laboratory of the Bureau of Entomology adopted the apparent 
volume as a measure of the latter. One state adopted a law prescribing 
a certain figure for calcium arsenate, and the idea spread until it was ap- 
plied to other products intended for dusting. At present apparent volume 
is not considered so important as formerly, but it still serves a useful pur- 
pose. 

The method and apparatus used at the Delta Laboratory may be briefly 
de.scribed as follows: 

Two ounces of material is put into a cylindrical holder about 2 in. by 9 in., in 
the axis of which is a ^ in. tube perforated by numerous small holes. The open 
end of the cylinder is closed by placing over it a disc of filter cloth, weighted with 
a metal ring, to protect the operator from dust, and air is forced through the central 
pipe by means of an air pump mounted on the base of the instrument. Twenty 
vigorous strokes are taken on the pump, and then the cover is removed very care- 
fully to prevent any repacking of the material by jarring, after which the volume 
occupied by the material is measured by means of an adjustable gage. The gage 
is graduated to read cubic inches per pound when its cross arm lies across the top 
of the cylinder and its foot just touches the surface of the powder. An additional 
ten strokes of the pump are then taken to prove that the maximum volume has been 
attained. The accepted figure for calcium ar.senate is 80-100 cubic inches per pound. 
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WATEE 

The water content of insecticides varies from a few tenths of one per 
cent in powders to as much as 99 per cent in aqueous solutions. That 
occurring in powders may be present as absorbed or adsorbed moisture; 
as water of combination in hydrated lime or other hydroxides; as water 
of crystallization in salt hydrates; or as water of constitution, as in di- 
lead arsenate. 

The water in paste samples is present in such quantity that the material 
of the sample is actually wetted and assumes a pasty condition. In emul- 
sions the water is present in large quantity ; it is ordinarily the continuous 
phase in which the other immiscible liquid is finely dispersed and the 
mixture stabilized by an emulsifying agent. In a few instances, as in 
salves and ointments, the water is the discontinuous j)hase. In aqueous 
solutions the water is the predominant constituent, acting as a solvent for 
soluble salts. 

It is the custom to report small quantities of water as percentages of 
^^moisture,’^ while larger quantities are designated as “water.’’ There is 
no definite dividing line between these two designations, but in general 
the water contained in powdered material may be considered as “mois- 
ture,” and that in paste materials, emulsions, aqueous solutions, etc., as 
“water.” 

In Powders. — The water in powders is usually determined by a simple 
procedure. From i to 5 grams of the sample is dried to constant weight 
at atmospheric pressure and at loo^-iio^ C. The time of heating re- 
quired to reduce the sample to constant weight is usually 2-5 hours, but in 
exceptional cases a longer period may be required. The percentage loss 
in weight is reported as moisture. If the sample contains ingredients 
that decompovse or oxidize when heated in air, the drying must be carried 
out in a vacuum oven which allows the moisture to be removed at a lower 
temperature. The water in powdered insecticides is only occasionally de- 
termined by drying over a desiccating agent at room temperature. 

The combined water in samples of insecticides is usually held more 
firmly than the absorbed water. Moisture determinations made by drying 
at 105° C. may include a part of the water of crystallization and hydra- 
tion, but they rarely include any of the water of constitution. 



488 


AGRICULTURAL ANALYSIS 


Distillation with toluene or xylene, a method which gives good results 
with such products as soaps and emulsions, cannot always be relied upon 
to include all the water of crystallization. For example, Bidwell and 
Sterling^ found that when distilled with toluene copper sulfate penta- 
hydrate gives up only four of its molecules of water of crystallization. 
It has been proved in the writers' laboratory that ferric sulfate retains 
some water of crystallization even when distilled with xylene. 

The measurement of the volume of acetylene evolved when an aqueous 
material is heated with calcium carbide- has been used for estimating the 
water in some insecticides, but it cannot be relied iqKin in the case of pow- 
ders containing hydrated salts. 



All the water of a powder is given up if the sample is ignited to con- 
stant weight over a Bunsen burner or in a muffle furnace. However, it is 
seldom that the loss on ignition represents only the water of a sample. 
An estimation of water by this method is practically of no value if the 
sample contains organic matter, and even with strictly inorganic samples 
corrections may be necessary owing to the influence of carbon dioxide and 
other volatile constituents. 


* J. Assoc. OMcial Agr. Chem. 8. 295 (1925). 
® U. S. Dept. Agr. Bur Chem. Circ. 87. 
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In samples containing no volatile constituents other than water, the 
following method, first used by G. J. Brush and extended by S. L. Pen- 
field,^ gives excellent results and has the advantage of giving the water 
directly instead of by difference: 

The sample is heated in a narrow glass tube {B Fig. i), which has a bulb 
blown on its closed end and another farther up the tube to hold the condensed water 
and prevent it from running back and cracking the hot glass. The tubes must be 
thoroughly dried by heating and aspiration before being used. A piece of capillary 
glass tubing, C, fitted to the end of the main tube by a rubber connection serves as 
a stopper to prevent loss of water vapor by convection currents. The tube is held 
horizontally and the bulb containing the sample is carefully heated with a Bunsen 
burner. During the healing a piece of asbestos board, D, is placed between the bulb 
containing the sample and the condensation bulb to prevent loss of water from the 
latter. The receiving bulb is covered with wet cloth or filter paper and kept wet 
with cold water as a condensing agent during the heating. When no more water 
collects in the receiver the tube is softened by heat between the two bulbs, and the 
bulb containing the residue is pulled off. The tube is then cooled, wiped dry on the 
outside and weighed, after which it is emptied, dried and again weighed. The 
difference in weight represents the water in the sample. The identity and purity of 
the water obtained may be checked by a determination of its refractive index, which 
should be 1.333 at about 20® C. The thistle tube A, Fig. i, is used to introduce the 
sample into the lower bulb of the tube B. 

In Pastes. — The solid components of samples in paste form are likely 
to settle out, causing uneveness in composition. Care is therefore neces- 
sary to secure a uniform sample before proceeding with the analysis. The 
entire contents of the package should be transferred to a mortar or pan 
and thoroughly mixed, care being taken to incorporate any liquid that 
may have separated. A charge of 100 grams is then quickly weighed into 
a tared crystallizing dish of about 10 cm. diameter and heated on a steam 
bath until most of the water is expelled. The dish is then removed to 
an oven, and the heating is continued at ioo‘^-i05° C. until the sample is 
dry enough to powder readily. The loss in weight is noted, the partially 
dried sample is powdered, and the remaining moisture is determined by 
drying a weighed portion of about 2 grams of the powder to constant 
weight at 105° C. The total moisture is obtained by calculation from 
these two results. In drying samples like paste Bordeaux mixture or 
other materials containing free lime, which absorb carbon dioxide during 
drying, correction must also be made for the carbon dioxide taken up by 
determining it before and after drying. 


J Jw/. /. Sci., 3 d bO.'.es, 4S, 31 (1S94); 2 . onorg. Cheni., 7, £2 (i'^'94). 
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The water in soaps is best detemiinecl by distillation with a liquid im- 
miscible with water, such as xylene or toluene, an apparatus, Fig. 2, of the 
type described by Dean and Stark^ being used. Several pieces of lump 
rosin are added to prevent foaming. The volume of the water is meas- 



Fig. 2 , — Dean and Stark Apparatus for Water Determinations. 

ured, and from this volume the percentage of water is calculated on the 
basis that i cc. = i gram. The identity and purity of the water obtained 
may be checked by determining its specific gravity and refractive index. 

In Emulsions. — Emulsions are usually handled by the method described 
for soaps. Foaming is not so pronounced, because smaller quantities of 
soap are present, and a much smaller quantity of lump rosin will suffice 
to prevent it. The carbide method may also be used for the determina- 
tion of water in emulsions. 

In Solutions. — The simplest way to determine the water of solutions is 
to evaporate a portion of the sample in a weighed dish on a steam bath 

*/. Ind, Eng. Chem., 12 . 486 (1920). /. Asscc. Official Agr. Cham,; 2, 28, (1936). 
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and then dry the residue to constant weight in an oven. The loss in 
weight may be regarded as the quantity of water in the sample. The 
method is only applicable, of course, in the absence of other constituents 
volatile at the temi)erature of drying, and it should also be borne in mind 
that the salts present in some samples will retain water of crystallization 
when dried at 105® C. 

Distillation with a liquid immiscible with water, such as xylene or tolu- 
ene, can be used for the determination of water in solution, except in the 
case of solutions containing salts that retain water of crystallization 
under these conditions. For many solutions containing salts that hold 
tenaciously to water of crystallization the Penfield method previously de- 
scribed will prove satisfactory if the heating is carried out slowly and 
carefully. 

By ^‘Difference.” — In many cases a direct determination of water may 
be difficult or even impossible. In such cases it may be estimated by dif- 
ference if the remainder of the analysis is sufficiently complete. 
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ABSENICALS 

Many species of insects cause damage to agricultural crops by devour- 
ing the foliage. These are referred to as leaf-eating insects. Such in- 
sects are ordinarily controlled by the use of stomach poisons, dusted or 
sprayed upon the foliage and subsequently ingested by the insects during 
their feeding. Of the materials suitable for use as stomach poisons, the 
compounds of arsenic have always held first place. Paris green was first 
used against the potato beetle about 1862, and by 1874 it was being used 
throughout the country for this purpose. Lead arsenate was adopted in 
1894, when the Gypsy moth became a pest in New England, and calcium 
arsenate has in the last 10 or 15 years become the standard material for 
use against the cotton boll weevil in the southern part of the United 
States. In addition to these three prominent arsenical compounds, many 
others arc now being used or have been used in smaller quantities or for 
special purposes. At the present time the making of arsenical insecticides 
absorbs a large proportion of the total output of white arsenic. 

Because the arsenic of such insecticides is the most important constitu- 
ent, the arsenical insecticides will be considered as a group, and both 
general and individual methods for their analysis will be given. 

GENERAL METHODS OF ANALYSIS 

Preparation of Sample.^ — Thoroughly mix all samples before analysis. Make 
water-soluble arsenic determinations on samples as received without further pulver- 
ization or drying. 

Moisture.^ — The official method is applicable to all powdered arsenical in- 
secticides. 

Dry 2 grams to constant weight at i05“-iio® C. and report the percentage 
loss as moisture. 

Total Arsenic. — Cuprous Chloride Distillation Method ,^ — This method is ap- 
plicable to practically all inorganic arsenic compounds and mixtures containing them. 
Nitrates interfere by forming nitrosylchloride, which distils along with the arsenic 
and slowly oxidizes some of it, giving low results if the arsenic is titrated directly, 
as directed in the method. 

A portion of sample containing about 0.4 gram of arsenic (As) is mixed with 
an excess of cuprous chloride and heated in a distilling flask with concentrated hy- 
drochloric acid. Any arsenate present is reduced to arsenite by the cuprous salt, 
and arsenious choride then distils and is caught in a receiver containing water. 


* Methods of Analysis, A. O. A. C. 
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The arsenic in the distillate is estimated either iodometrically, after neutralization 
with sodium bicarl^onate, or by direct titration with a bromate solution. Both iodine 
and bromate solutions may be standardized against chemically pure arsenious oxide, 
standard samples of which are now procurable from the U. S. Bureau of Stand- 
ards. The end point in the bromate titration may at first seem somewhat difficult 
to recognize, but when the proper technic is once acquired this titration is to be 
preferred to the one in which iodine is used. 

This method gives no information concerning the valence of the arsenic in the 
sample. The titration is calculated to AssOa or AsoOb, according to the form known 
to be present. 

Hydrazine Sulfate Distillation Method .' — This method is applicable to most 
inorganic ar.senicals and mixtures containing them. Nitrates do not interfere; they 
arc probably reduced to gaseous nitrogen. 

This method is to be carried out like the one just described except that a mix- 
ture of hydrazine sulfate and sodium bromide is substituted for the cuprous chloride. 
This mixture is very rapid in its reducing action, and effectually takes care of 
moderate quantities of nitrates which may be present in some arsenicals. 

The foregoing methods for the determination of total arsenic are gen- 
erally applicable and are capable of the highest accuracy. They .should 
be used in all cases in which the analysis is highly important or likely to 
be questioned, except in the presence of large quantities of organic matter 
that may be encountered in many proprietary mixtures such as poisoned 
bran, tobacco preparations, etc. In such cases aldehyde (furfurol) is prob- 
ably formed by the action of the concentrated acid on the cellulose ma- 
terials and being volatile distils along with the arsenic, thereby causing high 
results when the distillate is titrated with an oxidizing solution. Tobacco 
powder, especially, seems to produce this effect. Correct results may be 
obtained by the following modification : 

The distillate is made to volume, and an aliquot is evaporated to fum- 
ing with sulfuric and nitric acids to destroy the organic materials which 
have distilled. The arsenic is oxidized by this procedure and must be re- 
duced again before it can be titrated. The reduction and titration are 
carried out as described under the Gooch- Browning method (p. 494). 

The distillation method, using hydrazine, has the advantage in that the 
residue from the distillation is suitable for further analysis. All the com- 
mon metals and metalloids other than arsenic are non-volatile under the 
conditions prescribed in the method, and evaporation of the residue to dry- 
ness with nitric acid will destroy both the hydrazine and the bromide and 
leave the other constituents for further analysis. If hydrobromic acid is 
substituted for sodium bromide, even the alkalies may be determined. The 
removal of arsenic from a complicated mixture by this means is far su- 

* Methods of Analysis^ A, 0, A, C, 
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perior to its separation as sulfide, esi>ecially when the arsenic is present as 
arsenate. 

Two other methods of less general applicability deserve mention. 

Gooch-Brouming Method , — This method is fully described in the official method 
for water-soluble arsenic.* The sample is dissolved in dilute sulfuric acid, the 
arsenic is reduced by boiling with potassium iodide, and the reduced solution is 
titrated with standard iodine after it has been made alkaline with sodium bicar- 
bonate. This method is directly applicable to white arsenic, arsenic acid, calcium 
arsenate, magnesium arsenate, and zinc arscnite. It is not applicable to Paris green 
because of the reducing action of iodides on cupric copper, and to lead arsenate be- 
cause of the formation of yellow lead iodide. The method is adaptable to lead 
arsenate if the latter is dissolved in nitric acid and fumed with sulfuric acid and the 
lead sulfate is filtered off. 

Further, the method gives high results in the presence of other polyvalent 
metals such as iron and antimony, but in well-made standard arsenical insecticides 
the percentage of these impurities present is small, and the method is useful when 
speed and convenience are more desirable than extreme accuracy. Small propor- 
tions of nitrates do not interfere as they are destroyed during the boiling with po- 
tassium iodide. 

Thiosulfate Titration Method .' — This method is of still more limited applica- 
bility, being suitable only for arsenates. 

The sample is dissolved in concentrated hydrochloric acid and evaporated to 
dryness to destroy any nitrates that may be present. The residue is redissolved in 
concentrated hydrochloric acid, potassium iodide is added to reduce the arsenate, and 
the liberated iodine is titrated, after moderate dilution, with standard sodium thio- 
sulfate solution. 

This method is applicable to calcium and magnesium arsenates, and to lead 
arsenate if ammonium chloride solution is added to keep lead iodide from precipi- 
tating. Like the previous method it gives high results in the presence of ferric iron 
and pentavalent antimony. The method will be found especially useful when large 
numbers of analyses of high-grade materials are to be made. 

Water-Soluble Arsenic. — It is well recognized that while many insoluble com- 
pounds of arsenic may l>e safely applied to foliage, the soluble compounds of this 
element produce severe injury. Hence a knowledge of the proportion of water- 
soluble arsenic is of great importance and this constituent should always be de- 
termined. 

The e.stimation of w^ater-solublc arsenic in an insecticide could be carried out 
with any weight of sample and in any one of a number of ways if the insecticide 
itself were wholly insoluble and the soluble arsenic were due entirely to a freely 
soluble compound of arsenic present as an impurity. This is approximately the 
case with lead arsenate. However, if the arsenical compound itself possesses an 
appreciable solubility, if it is hydrolytically decomposed by water as is Paris green 
or if it has to be used in admixture with excess base as is the case with calcium 
arsenate and magnesium arsenate, it is plainly evident that at least the proportion 

* Methods oj Analysis, A, O. A. C, 
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of sample to water must be specified in order that a statement of the percentage of 
water-soluble arsenic may have any meaning. Further, since both solubility and 
degree of hydrolysis vary with temperature, it is also necessary to adopt a fixed 
temperature at which the extraction is to be made. Thus the determination of 
water-soluble arsenic becomes an entirely empirical matter. 

The first method proposed for the estimation of this constituent in lead arsenate 
and Paris green (at that time the most important arsenical insecticides) called for 
the extraction of 2 grams of sample with 2 liters of water for a period of lO 
days.' This procedure proved too time-consuming, and as the empirical nature of 
the method was recognized the period of digestion was reduced. The method as 
now used may be briefly described as follows: Two grams of powdered material 
(or 4 grams if in paste form) is extracted with i liter of recently boiled and cooled 
distilled water for a period of 24 hours at a temperature of 32® C. with vigorous 
shaking at i hour intervals during the working day. The filtrate from this ex- 
traction is analyzed for arsenic by the Ck)och- Browning method, which has been 
outlined under Total Arsenic. 

This method naturally gives only the value of the total arsenic in water-soluble 
form. If the product being tested is a mixture of arsenate and arsenite and it is 
desired to determine the proportions of each that are soluble, a second alicpiot of 
the extract can be treated wdth sodium bicarbonate and titrated directly w'ith stand- 
ard iodine solution. This gives the soluble arsenious oxide, and the difference be- 
tween this and the total will be the soluble arsenic oxide. 

As Stated previously, the method of extraction is empirical, and the di- 
rections must be closely followed to get reproducible results. However, 
a fluctuation of C. in the temperature is of no consequence, and 

this degree of accuracy is easily attained by the use of a gas burner con- 
trolled by a toluene- filled regulator, in an oixjn tank without a stirrer. It 
is immaterial at what time the extraction is .started — that is, whether the 
shaking is done at the beginning, middle, or end of the total period of 24 
hours. 

Practically all the investigators that have sought to simplify the extrac- 
tion of water-soluble arsenic have directed their attention to lead arsenate, 
which because of its extremely low solubility and slight hydroly.sis- is 
most likely to furnish the same results by diflferent methods. Curry and 
Smith® suggested 18 hours' continuous .shaking at 20° C. and a correction 
for the solubility of the lead arsenate itself ; Tartar and Robinson^ poured 
hot water through a filter containing the sample; Gray and Christie® and 
Scholz and Waldstein® recommended boiling the sample for a short time 

‘ U. S. Dept. Agr. Bur. Chem. Bull. 107, revised, 240. 

* McDonnell and Graham, 7. Am. Chem. ^oc., 39 , 1912-18 (1917). 

*/nd. Eny. Chem., 4 , 198 (191-2)* 

* Oregon Agr. Coll. Expt. Sta. Bull. 188 (1915). 

^ Jnd. Bng. Chem., 8, 1109 (1916). 

^ Ibid., 9 , 682 (1917). 
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with water; and Roark^ showed that a short boiling method is applicable 
to zinc arsenite as well as to lead arsenate. 

At times, during the determination of the dissolved arsenic by the 
Gooch-Browning method, when the attempt is made to dispel the slight 
quantity of iodine left after the reduction with potassium iodide, it is 
found impossible to make the solution water-white. The persistent yel- 
low color, which is probably due to undissociated antimony iodide, can be 
remedied by further dilution, which permits the antimony iodide to ionize 
into colorless ions. In such cases the results will be high, since antimony 
titrates in this method exactly as does arsenic. 

The methods most commonly used for the analysis of the individual 
arsenical compounds follow, and discussions of mixtures appear later in 
other sections. 


WHITE ARSENIC (ARSENIOUS OXIDE) 

White arsenic, or arsenious oxide (AsgOs), is a by-product of the 
smelting of ores of copper, lead and zinc. The arsenic occurring in the 
ores as arsenides of the various metals, principally mispickel (FeAsS), 
is oxidized during the smelting operation and the arsenious oxide being 
volatile is carried away with the flue-gases. The latter are led through 
large chambers, where certain constituents, including the arsenious oxide, 
condense as flue-dust. This deposit is resublimed once, and the sublimate, 
containing 98 per cent arsenious oxide, forms the white arsenic of com- 
merce. 

Although arsenious oxide exists in several allotropic forms, the or- 
dinary commercial material, at least in the United States, is always the 
octahedral variety. The product is often a heavy coarsely crystalline 
powder, and at other times a rather light powder with much less marked 
crystalline appearance, these differences being due, no doubt, to the condi- 
tions of condensation after sublimation. 

White arsenic itself is not used as an insecticide on plants to any great 
extent because it is soluble enough in water to kill or cause serious damage 
to most kinds of foliage. It is used in baits for poisoning grasshoppers 
and cutworms, and in fly poisons. Its main importance from an insecti- 
cidal viewpoint is due to its use as the source of arsenic for practically all 
other arsenical insecticides. 


* /. Assoc. Official Agr, Chetn. 7 , 322 (1924). 
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The complete analysis of white arsenic for all its minor constituents is 
a long, involved process, and need not be considered in a work of this 
kind. Only the principal determinations will be described. 

Moisture. — White arsenic is not hygroscopic and seldom contains more than 
0.2 per cent moisture, so that normally it is not necessary to make a determination 
of this constituent. However, when desirable it may be determined by drying to 
constant weight in an air oven at io5®-iio° C., and by weighing at intervals of 
2 or 3 hours until the weight is constant. 

Total Arsenic. — If the qualitative tests show the presence of appreciable quan- 
tities of impurities the simplest method of determining the arsenic content is either 
by the cuprous chloride or hydrazine sulfate distillation method previously described. 
In view of the high purity of this product, the portion analyzed should be such as 
to give nearly 50 cc. titration in order to minimize the error. The result should be 
calculated to arsenic trioxide unless the qualitative test shows an appreciable 
quantity of arsenic pentoxide. 

In the absence of any marked quantity of impurities, the arsenic content may 
be estimated by the following simple method. 

Dissolve 2 grams of the sample by warming with 25 cc. of 10 per cent sodium 
hydroxide solution, transfer to a 250 cc. volumetric flask, acidify with sulfuric acid, 
and dilute to the mark. After thoroughly mixing, remove a 25 cc. aliquot, neutralize 
with sodium bicarbonate, add an excess of this reagent, and titrate with standard 
iodine solution ; or take a 25 cc. aliquot, add 15 cc. of concentrated hydrochloric acid, 
dilute to 100 cc., warm to 90*" C., and titrate with standard bromate solution as de- 
scribed in Methods of Analysis, A. O. A. C. Calculate the result to percentage of 
arsenious oxide (AsaOa). 

It is important that the value of the standard iodine solution used in the titra- 
tion of materials of such high arsenic content as this be determined with great 
accuracy, and it is recommended that the standard sample for comparison be very 
carefully prepared and tested, or that the material now offered by the Bureau of 
Standards be used. 

This second method gives only the arsenious oxide content of the material. 
If the qualitative test has shown appreciable arsenic oxide, and it is desired to esti- 
mate both forms, another 25 cc. portion may be reduced with potassium iodide as 
in the Gooeb-Browning method, and the total arsenic determined by titration with 
standard iodine solution. This total arsenic less that present as arsenious oxide 
will give the quantity present as arsenic pentoxide (AssOs)- 

(Qualitative Tests for Impurities. — It is frequently desirable to supplement 
the arsenious oxide determination by qualitative tests for some of the more com- 
monly occurring impurities. A portion of the sample is dissolved by warming with 
caustic soda solution and used to test for the following impurities : 

Sulfides . — The alkaline solution when tested with caustic soda solution of lead 
acetate will show a black precipitate if sulfur or a sulfide is present. 

Antimony . — The addition of a large volume of water will produce a cloudiness 
if antimony is present. 

Heavy Metals . — Hydrogen sulfide will produce a black precipitate if bismuth, 
copper or lead is present. 
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Arsenic Oxide . — This may be tested for by extracting a portion of the sample 
with 50 per cent ethyl alcohol and testing with a silver nitrate solution. A char- 
acteristic reddish brown precipitate indicates the presence of pentavalent arsenic. 

Mercury . — This may be present in white arsenic. It has a special significance 
in that its presence in very minute quantity very markedly reduces the speed of re- 
action when the white arsenic is subjected to oxidation with nitric acid in the manu- 
facture of arsenic acid. A suitable method for the detection of this impurity has 
been published.* 

Water-Soluble Arsenic. — The determination of water-soluble arsenic in a sample 
of white arsenic is practically meaningless. The solubility of arsenious oxide in 
water amounts to about 25 grams per liter at 32° C., and it would appear at first 
sight that the use of i or 2 grams per liter, as prescribed in the A. O. A. C. method 
for water-soluble arsenic, would result in complete solution of the sample and hence 
a result of 100 per cent. Such is not the case, however. The establishment of equi- 
librium from the unsaturated side is very sluggish and erratic, and results running 
from 20 to 60 per cent may be obtained on different samples. Furthermore, dupli- 
cate determinations seldom agree well and consequently the determination is value- 
less. From the insecticidal viewpoint it is proper to consider arsenious oxide en- 
tirely soluble in water. 


ARSENIC ACID 

Arsenic acid itself is used as an insecticide even less frequently than 
white arsenic, but owing to its importance in the manufacture of the metal- 
lic arsenates it is necessary that brief consideration be given to it. 

It is made by the oxidation of white arsenic. The oxidizing agent gen- 
erally used is nitric acid, and the operation is carried out in a stoneware 
or duriron vessel connected to an absorption system for the recovery of 
the nitric acid. This is somewhat similar to the recovery system used in the 
manufacture of sulfuric acid by the chamber process. By heating and 
perhaps blowing to remove the last of the nitric acid, the arsenic acid 
is obtained in the form of a sirupy solution containing about 60 per cent 
arsenic oxide (AsgO.,). It is possible to prepare solid arsenic acids of 
the composition AS2O5.4H2O and 3AS2OB.5H2O, and some material in 
this form has been imported. 

The only determination usually necessary for this product is that of 
the arsenic acid content. It may be estimated by the Gooch-Browning 
method or by one of the distillation methods. It may at times l)e de- 
sirable to test qualitatively for the presence of unoxidized arsenious acid 
and for nitric acid. 

Qualitative Test for Nitric Acid.*— Acidify a portion of the arsenic acid with 
hydrochloric acid, add a drop or two of methyl orange, and heat the mixture. If 

Ind, Eng. Chem., 10 , 1168 (1924). 
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nitric acid or its oxides are present in more than mere traces, the methyl orange 
will he destroyed. Or mix a small portion of the acid in a test tube with two or 
three times its volume of concentrated sulfuric acid and add a few drops of phenol- 
disulfonic acid. Pour the mixture into water and make alkaline with ammonia. A 
yellow color indicates nitric acid, and the intensity of color is in proportion to the 
quantity of nitric acid present. 

Qualitative Test for ASoO.^ — Make a sample of the acid alkaline with sodium 
bicarbonate and test with iodine solution. Absorption of iodine indicates arsenious 
oxide. A quantitative determination may be made by using weighed samples and 
standard iodine solution. 


PARIS GREEN 

Paris green was the first arsenical insecticide to come into extensive 
use. It was introduced about 1862 as a means of combating the ravages 
of the Colorado potato beetle and has held its place in ootato culture since 
that time. About 8 million pounds were used in the year 1927. 

Chemically, Paris green is cupric aceto-arsenite and is represented by 
the formula 3Cu(As02)2*Cu(C2H302)2. Theoretically it should contain 
58.55 per cent arsenious oxide (AsgOj,), 31.39 per cent cupric oxide 
(CuO) and 10.06 per cent acetic anhydride [(CHaC0)20]. The pro- 
ducts encountered on the market approximate this composition, but prac- 
tically all samples contain small quantities of sodium sulfate, the result 
of incomplete washing of the material during manufacture. 

Paris green is generally made by dissolving white arsenic in sodium 
carbonate solution, adding the proper quantity of copper sulfate, which 
results in the precipitation of an arsenite of copper, and then making the 
whole acid with acetic acid. The Paris green formed is a heavy dark 
green material, which is washed by decantation or simple filtration. 

The principal determinations to be made on Paris green are total ar- 
senic, arsenic present as arsenious oxide, water-soluble arsenic, and sodium 
sulfate when a qualitative test shows it to be present in appreciable quan- 
tity. Cop])er is determined less frequently, and the acetic acid practically 
never. 

Total Arsenic. — This constituent is most simply estimated by the hydrazine 
distillation method described under General Methods and in Methods of Analvsis, 
A. O. A, C, 

Total Arsenious Ozide.^ — This constituent is determined by dissolving the 
sample in sulfuric acid and titrating an aliquot either directly with standard bro- 
mate solution or with standard iodine after neutralization with sodium bicarbonate. 
The insecticide act requires a minimum of 50 per cent As’O.. 

^Methods of Analysis, A. O. A. C. 
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Water-Soluble Arsenic. — The quantity of arsenic in water-soluble forms found 
in Paris green exceeds that encountered in most other standard agricultural insecti- 
cides. This is due to the fact that water hydrolyzes the material, the degree of 
hydrolysis being dependent on the temperature and the time of extraction. The legal 
requirement is that the water-soluble arsenious oxide shall not exceed 3.5 per cent, 
and properly manufactured material will not exceed this quantity. 

Uncojnbined Arsenious Oxide. — In the early days of the manufacture of Paris 
green the product at times contained uncombined arsenious oxide, recognizable by aid 
of the microscope. To distinguish this constituent from the soluble arsenic due to 
hydrolysis a method was used in which a sample was extracted with a concentrated 
sodium acetate solution. The high concentration of the acetate ion repressed the 
hydrolysis, and only the free white arsenic dissolved. However, Paris green as made 
at present rarely contains an appreciable quantity of uncombined white arsenic, and 
the method has been practically abandoned. 

Sodium Sulfate. — If an aqueous extract of a sample of Paris green, when 
acidified and tested with barium chloride solution, shows an appreciable quantity of 
sulfate ion, it may be desirable to determine the quantity present. The following 
method may be used ; 

Put 4 grams of material into a 200 cc. volumetric flask; add o.i gram of calcium 
oxide, and fill the flask to the mark with water. After allowing to stand with fre- 
quent shaking for about 30 minutes, filter the liquid through a dry filter and use 
the filtrate for the determination of both sodium and sulfate. Determine the sulfate 
in a 50 cc. aliquot by precipitation as barium sulfate, and estimate the sodium in a 
100 cc. aliquot after the removal of arsenic with hydrogen sulfide and the removal 
of other metals with ammonia and ammonium oxalate. 

Total Cupric Oxide. — This determination is seldom required. It may be made 
by one of the methods given in Methods of Analysis, A. O. A. C., in which the 
sample is boiled with sodium hydroxide solution to precipitate the copper as cuprous 
oxide, which is then filtered and dissolved in nitric acid, and the copper estimated 
either electrolytically or by the thiosulfate titration method. 

Acetic Anhydride. — The proportion of acetic anhydride in Paris green is 
seldom determined. However, it may be estimated by distilling a phosphoric acid 
solution of the sample with xylene and titrating the acetic acid in the distillate, as 
proposed by Pickett.* 

LEAD ARSENATE 

When it became necessary to combat leaf-eating insects attacking plants 
having more tender foliage than that of the potato plant, investigators 
sought to find arsenicals that were less soluble than Paris green. Follow- 
ing the appearance of the Gypsy moth in New England, Moulton experi- 
mented with various materials and then chose lead arsenate as the most 
suitable. Since that time the use of this compound has continually in- 
creased, and it is today the most important agricultural arsenical. At 
present, about 27 million pounds of it are used annually in the United 
States. 

Ind. Efti/, Ghent,, 18 , 570 (jqio). 
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At first lead arsenate was made by double decomposition between solu- 
ble lead salts and sodium arsenate. Other simpler methods were devel- 
oi)ed later, and at present the bulk of it is made by the direct union of 
litharge and arsenic acid under the influence of a “catalyst,"’ such as a 
small proportion of acetic or nitric acid. In this method the catalyst is 
the only by-product of the reaction, and the washing of the compound is 
a simple matter. For a long time the lead arsenate was pressed but not 
dried, and was sent into commerce in the form of a paste containing 50 
jxir cent water. Now, however, 98-99 per cent of it is dried and ground 
and appears on the market as a fluffy white powder. 

The Federal Insecticide Act describes lead arsenate as the product 
formed by the rei)lacement of one, two or three of the hydrogen atoms of 
ortho arsenic acid (Hj^As04) by lead, indicating that there are three forms 
of lead arsenate. However, monolead arsenate (PbH4(As04)2) was made 
(subsequent to the passage of the act) and found to be very unstable, be- 
cause in water it decomposes completely into dilead arsenate (PbHAs04) 
and arsenic acid. For this reason it cannot be used for insecticidal pur- 
poses. 

The lead arsenate that is produced by the most common commercial 
method described above is essentially dilead orthoarsenate (PbHAs04), 
and high grade commercial materials correspond closely to this composi- 
tion. It forms by far the larger portion of the lead arsenate used com- 
mercially and is the compound usually meant when the term “lead arse- 
nate” is used without qualification. Another form of lead arsenate used 
to a limited extent is made by the action of ammonia on dilead arsenate ; 
for a long time it was thought to be trilead orthoarsenate (Pb3(As04)2), 
the third member of the group of orthoarsenates. It is now known that 
trilead arsenate is very unstable and that the commercial product long 
thought to be this compound is a basic lead arsenate of the composition 
represented by the formula Pb4(PbOH) (As04)3.H20.^ The use of this 
material is limited to the Pacific coast, where climatic conditions are such 
that dilead arsenate sometimes causes burning of foliage. 

Both forms of lead arsenate are amenable to the same methods of an- 
alysis, and therefore they will be treated together. 

Moisture.^ — As previously noted, lead arsenate was first used in the form of 
a paste adjusted to contain approximately 50 per cent of water, but such a product 
is only occasionally encountered today. In such cases the entire sample must be 

* Am, Chem. Soc.^ 88, 2016, 2034 (1916); 39 , 940 (19x7). 

^Methods of Analysis, A. O. A, C, 
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particularly well mixed to overcome the natural tendency to separate, and a large 
sample (50-100 grams) is taken for the water determination, not only to decrease 
the error of sampling but to give sufficient dry material with which to carry out 
the remainder of the analysis. The large samples are dried on the steam bath and 
carefully broken up with a spatula, and the drying is completed in an air oven at 
105®-! 10® C. The dried material is bottled for use. If the sample is a powder, a 
small sample of i or 2 grams is used for a moisture determination by the usual 
process. 

Total Arsenic.^ — Apply any one of the methods described under “General 
Methods.*' 

Arsenious Oxide. — Lead arsenate may be contaminated with lead arsenite, 
when arsenic acid containing unoxidized white arsenic is used. 

Qualitative Detection — Boil a portion of the sample with dilute acetic acid con- 
taining a small quantity of lead acetate. Filter and add bromine water to the clear 
filtrate. A white precipitate is evidence of arsenite. (This test depends on the 
fact that lead arsenite is soluble and lead arsenate insoluble in acetic acid. The 
bromine serves to oxidize the former to the latter.) 

Quantitative Determination —Boil the sample with dilute sulfuric acid in a 
volumetric flask, cool, make to mark, and filter. Neutralize an aliquot of the fil- 
trate with sodium bicarbonate and titrate with standard iodine solution. 

Water-Soluble Arsenic. — Pure dilead arsenate is only very slightly soluble 
in water and the basic form even less so. It is only because of the chance that other 
soluble arsenic compounds are present as impurities that a water-soluble arsenic 
determination is necessary with this material. The determination is made as out- 
lined under “General Methods.” 

The Federal Insecticide Act requires that there be less than 0.75 per cent arsenic 
oxide (AsiOs) in soluble form. Commercial lead arsenate, as now manufactured, 
rarely contains this much and frequently the titration is indistinguishable from that 
of a blank determination, in the latter case it is customary to report a trace, since 
-dilead arsenate is broken up to a slight extent by water.* 

Lead Oxide. — Lead may be precipitated and weighed either as lead chromate 
or as lead sulfate, as described in Methods of Analysis, A. O. A. C 7 . Fairly accu- 
rate results may be obtained by a modification of the sulfate method in which 
alcohol is not used. 


CALCIUM ARSENATE 

The extensive use of Paris green and lead arsenate naturally led to the 
use of other arsenical compounds. Since lime is the cheapest base avail- 
able, it was soon suggested as a substitute for the more expensive cupric 
oxide and litharge, and this led to experiments with calcium arsenate. 
The discovery that calcium arsenate was effective in the control of the 
cotton boll weevil stimulated its production, and about 27 million pounds 
was used in 1927 in the United States. 

^ Methods of Analysis, A. 0 , A, C. 

*/. Am. Chem. Soc., 39 , 19x2 (1917). 
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Calcium arsenate is made by a process quite similar to that used in the 
manufacture of lead arsenate. Quick lime is slaked to a thick slurry with 
water, and a solution of arsenic acid is added. No catalyzer is needed as 
in the case of lead, because the oxide of calcium is somewhat soluble, and 
the reaction proceeds sufficiently fast without it. Careful control of tem- 
perature and concentration is necessary for the production of a product 
uniform in composition and physical properties. 

Chemically, calcium arsenate is not a pure product, as is acid lead ar- 
senate. All three ortho arsenates of calcium have been prepared, but none 
is suitable for use directly as an insecticide. Monocalcium arsenate 
(CaH4(As04)2) is very soluble in water, the dicalcium arsenate 
(CaHAs04) (corresponding to the lead compound) is extensively hydro- 
lyzed in water, and even the tricalcium arsenate is too soluble for general 
use, since it shows about 3 per cent water-soluble arsenic oxide by the 
official method. However, if lime is used in excess of the proportion 
needed for tricalcium arsenate, the excess lime exercises a strong repres- 
sion on the solubility, and the resulting mixture is the calcium arsenate of 
commerce. 

In its manufacture the common practice is to use four equivalents of 
calcium oxide (CaO) to one of arsenic pentoxide (ASgOrJ. Some of the 
excess lime goes to make a basic calcium arsenate, and the remainder ap- 
pears as free calcium hydroxide. Consequently the finished commercial 
product is a mixture of one or more calcium arsenates with free calcium 
hydroxide, calcium carbonate from absorption of carbon dioxide and small 
quantities of impurities from the lime used. 

As ordinarily made, calcium arsenate contains approximately 42 per 
cent total calcium oxide and 40 to 42 per cent arsenic oxide, the latter being 
equivalent to 69 to 72 per cent tricalcium arsenate (Ca.,(As04)2). (It is 
customary to figure the AsyO^ to tricalcium arsenate. At the present time 
the basic arsenates, if they exist at all, are not well understood). By re- 
ducing the proportion of lime used, products containing low water-soluble 
arsenic and as high as 46 per cent As-^Oq may be made, but approximately 
42 per cent is recognized as the safe limit. Other methods of making calcium 
arsenate have been proposed, and some have actually been used, but they 
are relatively unimportant at present and need not be described. As in 
the case of other arsenicals, the principal determinations to be made on 
calcium arsenate are the total and the water-soluble arsenic. These de- 
terminations offer no new difficulties and are the same as used for lead 
arsenate. 
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Total Arsenic. — Determine by one of the procedures described under “Gen- 
eral Methods/' and calculate to arsenic oxide (AS2O5). 

Water-Soluble Arsenic. — Determine as described under “General Methods." 

Arsenious Oxide. — Calcium arsenate normally contains very little, if any, arsen- 
ious oxide, but the determination of this constituent is necessary at times because 
products have been encountered which were nothing but mixtures of lime and white 
arsenic. The method given for this constituent under “Lead Arsenate" is not entirely 
satisfactory for calcium arsenate, because the large quantity of calcium carbonate 
formed when the sodium bicarbonate is added makes the attainment of the end point 
rather sluggish. Titration in acid solution with standard bromate solution is to be 
preferred. (See Methods of Amlysis, A. O. A. C.) 

Calcium Oxide. — The calcium oxide content of calcium arsenate may be de- 
termined without first separating the arsenic if the calcium is precipitated with am- 
monium oxalate from acid solution. The small quantities of iron and alumina 
normally present do not interfere, because they do not form oxalate under the con- 
ditions of the precipitation. 

WTiile the analysis of most calcium ar.senates will be confined to the determi- 
nations just described, the complicated nature of the material and its increasing im- 
portance demand that, at times, a complete analysis be made. In such circumstances, 
the following additional determinations are required. 

Moisture. — Dry 2 grams in an electric oven at no® C. to constant weight.. 

Carbon Dioxide. — Dse a 2 gram sample and determine by the evolution and ab- 
sorption method as described in Methods of Analysis, A. 0 . A, C, 

Water of Combination. — Ignite a 0.5 gram sample over a blast lamp to constant 
weight, and from the total loss subtract the loss due to carbon dioxide. 

Other Constituents. — ^When the determination of metals other than calcium is 
required it becomes advisable to prepare a stock solution from which the arsenic 
has been removed. Two simple procedures may be followed: 

First, a portion of the sample may be treated as in the hydrazine distillation 
method for total arsenic, except that hydrobromic acid is substituted for the sodium 
bromide and the reaction is carried out in a beaker under a hood with good draft. 
The use of hydrobromic acid makes possible the determination of the alkali metals. 
Evaporation of the residue to dryness with nitric acid destroys both the bromides 
and the hydrazine salts, leaving the solution ready for the following general method 
of separation. Second, a portion of the sample may be evaporated to dryness on the 
steam bath several times with a mixture of hydrochloric and hydrobromic acids. 
These evaporations proceed rather slowly, but when completed there is no hydrazine 
sulfate to be removed, and further the residue is in condition for the estimation of 
sulfate if desired. 

Whichever procedure is followed, the residue is baked in the oven at no® C. 
to render the silica insoluble and then taken up in dilute hydrochloric acid; the 
silica is filtered off, dried, ignited, and weighed. The filtrate is made to volume in 
a volumetric flask, and aliquots are used for the determination of the metals by any 
standard procedure. 

An approximate idea of the actual composition of commercial calcium arsenate 
may be obtained by determining the free calcium hydroxide content according to a 
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method that has been published.^ This method is not particularly easy to run or 
absolutely satisfactory as to results, but it is the only one available. 

Physical Character. — In applying calcium arsenate as a dust to cotton 
plants, it was found that when it was too coarsely powdered it did not dis- 
tribute well over the plants and that when it was too finely powdered it 
drifted too far before settling and much of the material was wasted. A 
method of roughly estimating the fineness, based upon a determination 
of the number of cubic inches occupied by one pound of material, was 
developed and is described under Chapter III. A value of 80-100 cubic 
inches per i)ound was tentatively adopted as indicating a satisfactory 
degree of fineness for cotton dusting. 

MAGNESIUM ARSENATE 

Because magnesium salts are common, it is natural that the demand 
for new insecticides should lead to the manufacture and use of magnesium 
arsenate. However, it has found only limited application, being used 
mainly in the control of the Mexican bean beetle, and its manufacture has 
not reached very large proportions. 

This material is made in the same general way as calcium arsenate — 
by direct union of magnesium oxide with arsenic acid. Here again it is 
necessary to have an excess of base over the proportion corresponding to 
trimagnesium arsenate (Mg^^(As04)2), owing to too great solubility of the 
latter for use on plants. Commercial materials actually run about 6 mols 
of magnesium oxide (MgO) to one mol of arsenic pentoxide (AsoOg). 

Nonnally it is considered sufficient in the analysis of this material to de- 
termine total arsenic and water-soluble arsenic and in addition the arseni- 
ous oxide, if any is suspected or known to be present. These are deter- 
mined as described under ‘‘Calcium Arsenate.'’ 

If for any reason the content of magnesium oxide, or a complete an- 
alysis, is desired, proceed exactly as under “Calcium Arsenate — Other Con- 
stituents," until the arsenic-free stock solution is obtained. Since in this 
case there will be only small quantities of calcium in the presence of large 
quantities of magnesium it is necessary to use special precautions in the 
separation of these two metals. The modified Stolberg method^ will be 
found entirely satisfactory. In this method the sulfates of magnesium 
and calcium are separated by the action of a mixture of ethyl and methyl 
alcohols, in which the former is soluble. The calcium is then determined 
as oxalate and the magnesium as pyrophosphate. 

^ Ind, Eng, Chem,, 16 , 950 (i924)> 

*/. Assoc. Official Agr, Chem., 6, 401 (1922); Z. angew. Chem., 17 , 769 (1903). 
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ZINC ARS£NIT£ 

Zinc arsenite has been used as an insecticide for the same general pur- 
poses for which Paris green is used, but since it has remained relatively 
unimportant, its analysis will be treated only briefly. 

It is prepared commercially by the interaction of zinc oxide with arseni- 
ous oxide in the presence of water, followed by filtering, drying and 
grinding. It has a composition which is approximately that represented by 
the formula Zn3(As03)2; it usually contains about 40 per cent of ASgOg 
instead of the 45 j^er cent corresponding to that formula. It is a white 
powder, rather heavy and practically insolulJe in water. Total arsenic and 
water-soluble arsenic are the usual determinations made. The determi- 
nation of zinc is not often required. 

Moisture. — Determine in the usual way by drying to constant weight at 105° C. 

Total Arsenic. — The simplest method for estimating the total arsenic con- 
tent is the distillation method, described on pp. 492-3 and in detail in Methods of 
Analysis, A. O. A. C. Calculate the result of the titration to arsenious oxide 
(AssOa), and to zinc arsenite (Zn«(As 08 )x). The product will normally show about 
40 per cent arsenious oxide, equivalent to 89 per cent zinc arsenite The remainder 
consists mainly of zinc oxide, zinc carbonate, and moisture. 

Arsenious Oxide. — Ordinarily, the total arsenic in zinc arsenite may be as- 
sumed to be in the trivalent form. To verify this determine arsenious oxide l)y solu- 
tion of the sample in hydrochloric acid, followed either by direct titration with a 
standard sodium bromate solution or by the addition of excess sodium bicarbonate 
and subsequent titration with standard iodine solution. 

Conversely, this determination can be ordinarily regarded as giving the total 
arsenic and may be used for that purpose, but its limitations should be kept in mind. 

Arsenic Oxide. — If any appreciable quantity of arsenic in the form of the 
arsenate is present in zinc arsenite, which is infrequent, it may be estimated as the 
difference between the total arsenic and arsenious arsenic determined as described 
above. It may be verified qualitatively by treating a small portion of the sample 
with insufficient dilute nitric acid for complete solution and adding silver nitrate 
solution, which will produce the characteristic dark, reddish-brown, silver arsenate. 

Water-Soluble Arsenic.-— Treat a 2 gram sample with water for 24 hours, as 
described under ‘‘General Methods,” and determine the arsenic in the solution, after 
filtration by direct titration with standard iodine, cn the assumption that it is all 
present in the trivalent form. The quantity is ordinarily very small, and is figured 
to AS2O3. 

Zinc Oxide. — ^The zinc contained in zinc arsenite is determined only as a check 
on the purity of the product since it is not considered to have any insecticidal action. 
When desired, it may be estimated by the method described in Methods of Analysis, 
A, 0 . A. C. In this method the sample is dissolved in hydrochloric acid, and the 
zinc is precipitated and weighed in the form of a double thioc3ranate of mercury 
and zinc. The method is easily carried out and gives excellent results. 
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MOLASSES-CALCIUM ARSENATE MIXTURES 

Mixtures of calcium arsenate with black strap molasses have been used 
at times as poisons for control of the cotton boll weevil in the southern 
states. The proportions used usually approximate i part of calcium ar- 
senate to 10 parts of molasses. 

The following methods will serve for the analysis of most prepara- 
tions of this character. 

Sampling. — Remove the cover of the container; thoroughly mix the contents, 
taking care to dislodge any of the calcium arsenate that may have caked on the 
bottom and to distribute it uniformly throughout the liquid; and rapidly transfer a 
portion to a smaller container for use in analysis. 

Water. — Mix the sample thoroughly and pour off rapidly into a weighed por- 
celain dish between 50 and 100 grams. Reweigh to determine the weight of sample. 
Heat the mixture on the steam bath until it appears dry, then transfer to an oven 
at 110® C., and continue drying at least overnight, or to constant weight. Calculate 
the total loss in weight to percentage of water. 

Total Arsenic. — Mix the sample thoroughly, and pour off rapidly about 50 
grams into a weighed beaker and reweigh to determine the weight of sample. Let 
stand until most of the insoluble matter has separated, then pour the supernatant 
liquid into a 2 liter volumetric flask and dilute it to about i liter. Add 80 cc. of 
water and 20 cc. of concentrated nitric acid to the residue in the beaker and stir 
until the residue dissolves. Transfer the liquid to the flask and treat any remaining 
residue in the beaker with 20 cc, more of nitric acid. Transfer this mixture to the 
fla.sk, make to volume, and mix well. 

Take a 50 cc. aliquot of the solution prepared as described, put it into a 500 cc. 
Erlenmeyer flask, and add 20 cc. of strong nitric acid and 8 cc. of concentrated sul- 
furic acid. Evaporate until fuming begins, adding a few drops of fuming nitric 
acid from time to time to clear up the solution if it goes black. When no further 
blackening occurs, dilute to about twice the volume and again evaporate to fuming 
to expel all nitric acid. Dilute the residue to about 200 cc. with water, add 10 cc. of 
20 per cent potassium iodide solution, and boil down to about 50 cc. to reduce the 
arsenic. Cool to room temperature, exactly dispel any remaining iodine by the drop- 
wise addition of 0.5 N thiosulfate solution, judging the end point by the color of 
the solution (do not use starch), dilute to about 150 cc, with water, neutralize with 
sodium bicarbonate, add about 5 grams in excess, and titrate with 0.05 N standard 
iodine solution, using starch if desired. Calculate the results to percentage of arsenic 
(As), and to percentage of arsenic oxide (AsjO»), if it is known that the arsenical 
used was calcium arsenate. The results are also sometimes figured to tricalcium 
arsenate, (Ca8(As04)a), which figure, however, will be only about 70 per cent of 
the commercial calcium arsenate actually used, since the latter contains excess lime 
and other impurities. If it is desired to estimate the actual solid matter present, 
proceed as follows: 

Total Insoluble Hatter* — Mix the sample thoroughly and pour about 40 grams 
into a weighed centrifuge tube, obtaining the exact weight by reweighing. Centri- 
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fuge at high speed for 2 hours, decant the supernatant liquid, and save it for future 
examination if desired. Wash the deposit by adding water, stirring l>ack into 
suspension, and again centrifuging. Repeat until one washing is colorless, showing 
complete removal of the molasses. Discard the washings and dry the tu])es and 
residues to constant w^eight at 110° C. Calculate the percentage of insoluble matter. 
This value will be slightly lower than the true i)ercentage of commercial calcium 
arsenate, since a portion of the lime pre.sent will have been dissolved. However, 
the error will be small. 

Water-Soluble Arsenic.— To ascertain how much arsenic is actually present in 
solution, examine the sirup obtained from the first centrifuging described under 
“Total Insoluble Matter.” Since it is probably more important to employ the same 
method that is used for other arsenical pastes the following procedure is recom- 
mended : 

Mix the sample thoroughly, take a portion approximately 4 grams, weigh it 
accurately, and transfer it to a i liter Florence fiask with i liter of recently boiled 
and cooled distilled water. Allow to stand 24 hours at 32° C., shaking every hour 
during the working day. Filter off 250 cc. and treat exactly as described under 
“Total Arsenic.” Calculate to percentage of soluble arsenic oxide (As/ 3 o) and to 
metallic arsenic (As). 



CHAPTER VI 


COEPEE COMPOUNDS 

The compounds of copper are important owing to their effectiveness in 
controlling fungicidal diseases of plants, and it is generally conceded that 
the copper is the active agent. On the other hand the insecticidal value 
of copper is low, and Paris green, which was the first arsenical insecti- 
cide to be used in large quantities, owes its effectiveness principally if not 
entirely to its arsenic content. 

The fungicidal action of copper was discovered by accident about 1882. 
Some grape growers in France applied a mixture of copper sulfate and 
lime to the vines to deter thieves from stealing the grapes. Later it was 
noticed that the treated vines were much freer from the disease known 
as downy mildew than the untreated vines. Since that time the use of a 
mixture prepared by the action of lime on copper sulfate, under the name 
Bordeaux mixture, has steadily increased, and this material is today the 
principal agent in the control of many fungicidal diseases. In recent 
years great progress has been made in the disinfection of seed to prevent 
the transmission of plant diseases, and for this purpose copper carbonate 
has been found particularly effective. 

Ammoniacal copper carbonate solution, copper sulfate-lime mixture, and 
combined sprays containing Bordeaux mixture and various arsenicals are 
also used to some extent and may be encountered by the analyst. 

BORDEAUX MIXTURE 

Bordeaux mixture is made by the complete precipitation of a copper 
sulfate solution with lime and the removal of the excess liquid by decan- 
tation or filter pressing. It is marketed as a paste and in dry form. Its 
actual composition is not definitely known, but it probably consists of one 
or more basic sulfates of copper together with excess calcium hydroxide 
and incidental impurities. Just what constituent is active fungicidally is 
also unknown, but the activity of the product is in proportion to its con- 
tent of copper, which may vary from 7 to 22 per cent, with an average of 
12 to 14 per cent, and this constituent is the only one normally determined. 
However, a scheme for complete analysis is given. 

Moisture. — If the product is a powder, determine the moisture simply by dry- 
ing a small portion at lOS® C. to constant weight. In the case of the paste, it is 
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mixed as thoroughly as possible, and a large portion (about 100 grams) is taken,, 
so that enough dry material will be obtained to serve for the remainder of the an- 
alysis. Owing to the alkaline nature of Bordeaux mixture, allowance should be 
made for any carbon dioxide that may be absorl>ed during the drying by the scheme 
described in Methods of Analysis, A. 0 . A, C, The dried material is powdered and 
used for the remainder of the analysis, but all results are calculated to the original 
basis. 

Copper. — As previously stated, the copper content of Bordeaux mixture is the 
most important determination on this product. Two methods have been found 
particularly suitable and have been adopted by the A. O. A. C. One depends on 
electrolysis of a solution of the sample and the direct weighing of the metallic 
copper; the other, an adaptation of Low’s method, depends on the reduction of the 
cupric solution with potassium iodide followed by titration of the liberated iodine. 
Complete directions for both these methods are given in Methods of Analysis, A. 0 . 
A. C. 

Carbon Dioxide. — The carbon dioxide in Bordeaux mixture may be determined 
by any of the methods used for analysis of lime or limestone. A description of one 
such method may be found in Methods of Analysis, A. O. A. C, 

Other Constituents. — These three determinations — ^moisture, copper and car- 
bon dioxide — are the only ones for which the A. O. A. C. has adopted official 
methods. The remaining constituents, of which the most important arc calcium 
oxide, magnesium oxide, sulfate, and silica, are not often determined, but when 
necessary they may be estimated by the following scheme : Dissolve a portion of 
the sample in hydrochloric acid and evaporate to dehydrate the silica, which is fil- 
tered and weighed. Make the filtrate to volume and use one aliquot for the determi- 
nation of sulfate by precipitation as barium sulfate, and another for determination 
of calcium as oxalate and magnesium as phosphate. 

Little suggestion can be made as to how to calculate a ’'hypothetical combina- 
tion.” The calcium is probably present as hydroxide, carbonate and sulfate, the 
magnesia as hydroxide, and the copper as basic sulfate, but no agreement has been 
reached as to what formula represents the basic sulfate. 


COPPER SULFATE AND LIME MIXTURES 

In recent years a mixture of copper sulfate monohydrate, CuS04,H20^ 
and lime has been u.sed quite extensively as a dusting substitute for 
Bordeaux mixture. The mixture consists of approximately equal pro- 
portions of the two ingredients and it usually contains about 18 per cent 
of copjier. It may be analyzed exactly like Bordeaux mixture, except that 
the portions taken for analysis should be varied to suit the different per- 
centages of constituents present. 
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COMBINATIONS OF BORDEAUX MIXTURE WITH 
ARSENICAL INSECTICIDES 

The desire to lessen the labor of applying fungicides and insecticides 
separately has led many manufacturers to market combinations of Bor- 
deaux mixture with Paris green, calcium arsenate, or lead arsenate. 

In such mixtures the copper, the two forms of arsenic and the water- 
soluble arsenic are the important constituents and hence the ones most 
frequently determined. However, methods are given for practically com- 
plete analyses. 


horde: AUX-PAR is greibn 

Moisture. — A portion should be dried to constant weight at 105° C. 

Total Arsenic. — The simplest method to use is that employing the distillation 
of the arsenic as arsenious chloride, which can then be titrated with standard iodine 
or sodium bromatc solution. The determination is outlined on pp. 492-3 and de- 
scribed fully in Methods of Analysis, A. O. A. C\ 

Arsenious Oxide. — This constituent may be determined exactly as it is in 
Paris green, by solution of the sample in hydrochloric acid followed either by direct 
titration with standard bromate solution or by titration with standard iodine after 
the addition of excess sodium bicarbonate. Both procedures are described in 
Methods of Analysis, A. O. A. C. 

Arsenic Oxide. — Calculate both the total arsenic and the arsenious oxide per- 
centages to the equivalent arsenic oxide values, subtract the smaller from the larger, 
and consider the difference to be the percentage of arsenic oxide in the sample. 
The quantity found is usually very small. 

Water-Soluble Arsenious Oxide. — This determination is made just as with 
Paris green, except that a 2 gram sample is used and the aliquot of the extract 
taken for titration is acidified with hydrochloric acid to destroy calcium hydroxide 
before the addition of sodium bicarbonate. A description of this method will be 
found in Methods of Analysis, A O. A. C 

Copper. — Copper may be determined in Bordeaux- Paris green electrolytically, 
hut some provision must he made to remove or oxidize the arsenic, because when 
in the trivalent state is has a tendency to precipitate along with the copper. Two 
procedures are oj)cn to the analyst. One consists in removing the arsenic by evapo- 
ration with hydrohromic and hydrochloric acid and is completely described in 
Methods of Analysis, A. O. A. C. The other consists in dissolving the sample in 
nitric acid, oxidizing the arsenic with hydrogen peroxide, and maintaining an excess 
of hydrogen peroxide throughout the electrolysis. It appears that metallic arsenic will 
not deposit electrolytically directly from an acidified arsenate .solution. This method, 
which is described in Methods of Analysis, A, 0 , A, C,, is preferred because the 
preparation of the sample is simpler than that in the former method. 

Low’s titration method, with certain modifications, may also be applied to the 
determination of copper in Bordeaux-Paris green. Since trivalent arsenic is at least 
partially oxidized by iodine in dilute acetic acid solution, the iodine liberated in 
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Low’s method would be partially absorbed by the arsenic. The latter should be re- 
moved by the A. O. A. C, method. 

The remaining constituents of Bordeaux-Paris green mixture are seldom de- 
termined, but when necessary they may be estimated in the same way as recom- 
mended for Bordeaux mixture alone. 

In interpreting the analysis of a Bordeaux-Paris green mixture, the analyst is 
confronted with the task of deciding what proportion of the copper is present in 
the form of Paris green and Bordeaux, respectively. Paris green docs not always 
conform to its theoretical analysis, but it is customary to assume that it does. 
Hence the percentage of Paris green present is figured from the total ar.senic (As) 
present by multiplying by 2.255, and the equivalent copper (per cent As X 5654) 
is subtracted from the total copper to obtain that present as Bordeaux mixture. 

BOKDESAIX MIXTI RB WITH CALCIUM ARSHNATE 

This mixture, which is used extensively as a combined insecticide and 
fungicide, does not need any detailed treatment from the analytical stand- 
point. It contains practically the same constituents as Bordeaux mix- 
ture with Paris green (excej)t pentavalent arsenic instead of tri valent) 
and may be handled by the same methods as employed in the case of that 
product. The proportion of tricalcium arsenate j)resent is to be figured 
from the total arsenic (As) by multiplying by 2.6556. 

BORDEAIX MIXTURE WITH LEAD ARSENATE 

This product cannot l>e analyzed by the methods given for Bordeaux- 
Paris green because the lead offers complications in the determination of 
both calcium and copper. A scheme of procedure has been devised, how- 
ever, by which any mixture of copper fungicides and common arsenical 
insecticides may be analyzed. This is given in detail in Methods of An- 
alysis, A, 0 . A, C., and is ajiplicablc to a mixture of Bordeaux and lead 
arsenate. Even the determination of zinc has been considered owing to 
the possibility of the presence of zinc arsenite. The scheme for the deter- 
mination of all constituents other than arsenic may be briefly outlined as 
follows : 

Remove the arsenic from a portion of the sample by evaporation with hydro- 
bromic and hydrochloric acids, remove the silica by filtration and precipitate the 
copper and lead as sulfides. Use the filtrate from these sulfides for determinations 
of calcium, magnesium and zinc. Digest the mixed sulfides of lead and copper with 
sulfuric and nitric acids, weigh the lead as sulfate, and determine the copper in the fil- 
trate by electrolysis or some other suitable means. 

Total Arsenic. — The distillation as arsenious chloride is the simplest proce- 
dure. 
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Water-Soluble Arsenic* — Determine in the usual way, as previously described, 
by extracting? a 2 pram portion with distilled water for 24 hours at 32"" C., filtering:, 
and estimating the arsenic in the filtrate by the Gooch-Browning method If it is 
desired to estimate both forms of arsenic, titrate another portion directly for tri> 
valent arsenic, and estimate the pentavalent form by difference 

COPPER CARBONATE 

In recent years the problem of protectinj^ croi)S from certain diseases 
has been attacked from the angle of disinfecting the seed, to prevent trans- 
mitting the disease from one generation to the next. Among the various 
seed disinfectants used for this purpose the preparation known as copper 
carbonate has proved very valuable. It is used to the extent of perhaps 
half a million j>ounds annually. 

Cop})er carbonate is usually made by the precipitation of a solution of 
copper sulfate by means of a solution of sodium carbonate. It is not the 
normal cop])er carbonate, CuCO.^, but a basic compound with the copper 
content normally running between 50 and 55 per cent, and the carbon di- 
oxide content, between 15 and 20 per cent. The composition is usually 
represented by the formula CuC(X..Cu(OH)2. It also contains small 
quantities of sulfate, due to the simultaneous precipitation of basic copper 
sulfate or to the adsorption of sodium sulfate. 

The activity of this preparation as a fungicide depends largely on its 
physical nature since it is necessary that it be divided to an extremely 
fine state in order that it may come into contact with the spores. No 
physical standards for the product have been fixed, however, and the an- 
alyst is restricted to the chemical examination. The copi:)er is regarded as 
the important constituent. 

Copper. — hi preparations consisting of copper carbonate only, determine the 
copper either by Low’s iodide method or by electrolysis. These methods have been 
descril)ed fully under the other copper-containing products. Copper is reported as 
metallic copper (Cu). 

Carbon Dioxide. — Determine by evolution and abst^rption in any approved 
train of apparatus, as described on p. 545. 

AMMONIACAL SOLUTIONS OF COPPER 

Solutions prepared by dissolving copper carbonate or hydroxide in am- 
monia water or in a solution of ammonium carl^onate find limited u.se as 
fungicides. They can be analyzed for copper and carbon dioxide by the 
same methods as used for copper carbonate. The ammonia content may 
be determined by distillation as follows: 
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Total Ammoilia. — Place a suitable sample in a distilling flask and connect 
the latter through a Kjeldahl trap with a water-cooled condenser. Add 25 cc. of 5 
per cent sodium hydroxide solution to the sample through a dropping funnel and 
distil into 50 cc. of approximately 0.1 N standard acid. When a test with litmus 
paper shows that all the ammonia has been expelled from the sample, titrate the 
excess acid in the receiver with standard sodium hydroxide (about o.i N), using 
methyl orange or methyl red as indicator. From the quantity of acid used up cal- 
culate the percentage of ammonia (NHa). 

The results of the analysis arc ordinarily reported as copper (Cu), carbon di- 
oxide (CO2), and ammonia (NHa), no attempt being made to calculate the com- 
ponents to a hypothetical combination. The chemistry of the cuprammonium com- 
pounds is so complex that it is practically impossible to tell what particular one is 
present in any specific case. 



CHAPTER VII 


SULFUE AND ITS COMPOUNDS 

Sulfur and some of its compounds are used both as insecticides and 
fungicides. Elemental sulfur is applied as a dust for the control of mites 
and fungi on plants and lice on fowls and animals; it is burned in the 
fumigation of buildings for the destruction of insects and bacteria; and 
it is also used as a spray in the form of very finely divided sulfur sus- 
pended in water. 

Several of the polysulfides are important both as insecticides and fungi- 
cides. Calcium polysulfide or lime-sulfur is widely used as a dormant 
spray against scale insects and as a summer spray against fungi. It is 
also used as a dip against animal parasites. Barium tetrasulfide, sodium 
polysulfide or “soluble sulfur,” and potassium sulfide or “liver of sulfur” 
are also used to some extent for the same purposes. 

Carbon disulfide is widely used as a fumigant for the control of grain 
weevils, and to a lesser extent to kill rodents in their dens and burrows. 
It is used in the form of an emulsion as a soil fumigant. 

PRODUCTS CONSISTING ESSENTIALLY OF ELEMENTAL SULFUR 

Preparation of Sample. — ^Elemental sulfur, with a purity of 99 per cent or 
more, is used in the form of powder or fumigating candles. No preparation other 
than thorough mixing will be needed for powdered sulfur, but the candles should 
be broken up, ground fine enough to pass a 40-mcsh sieve, and mixed thoroughly. 

Moisture. — ^Weigh 2-5 grams in a flat-bottom moisture dish or evaporating 
dish, dry to constant weight at ioo°-io5^ C., and report percentage loss in weight 
as moisture. 

Non-Volatile Matter. — ^Weigh 2-5 grams in a porcelain crucible and ignite 
under a hood until all sulfur is burned off. Weigh the residue and report as per- 
centage of non-volatile residue. 

Total Sulfur. — Extraction Method , — ^Weigh i or 2 grams of the powdered 
sample, transfer to a funnel fitted with a dry filter paper and extract with carbon 
disulfide known to be free from non-volatile residue. Add the solvent in small 
portions and catch the filtrate in a weighed beaker. Continue the washing until all the 
sulfur is extracted. Evaporate the carbon disulfide on a steam bath or spontaneously 
at room temperature, avoiding the proximity of flames. Heat the residue for 15-20 
minutes at ioo°-ios® C. and weigh as elemental sulfur. Samples containing sub- 
limed sulfur are not completely soluble in carbon disulfide and must be analyzed 
by oxidation, or the sulfur converted to the soluble form by heating,^ 

Oxidation in Acid Solution . — Weigh 0.1 gram of sample and transfer to a 400 
cc. Pyrex beaker. Place the beaker in a bath of cold water, add 25-30 cc, of fuming 
nitric acid, cover with a watch-glass, and allow to stand for 10-15 minutes. Remove 

^ Ind, Eng, Chem, Anal, Ed., 8, 371 (1930)' 
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the beaker to a steam bath and heat for several hours until the sulfur is completely 
oxidized. (The addition of i or 2 cc. of bromine to the nitric acid will hasten the 
oxidation.) Remove the watch-glass from the beaker and evaporate the acid solu- 
tion to dryness. Add a few cc. of hydrochloric acid and again evaporate to dryness 
to destroy nitrates. Take up with 100 cc. of water and 10-15 cc. of dilute hydro- 
chloric acid (i-f-4). Filter if necessary into a 500 cc. beaker, dilute the filtrate 
and washings to 400 cc., heat to boiling, and add sufficient 10 per cent barium chlo- 
ride solution to precipitate the sulfate. Add the barium chloride solution drop by 
drop from a buret, not faster than i cc. per minute, with constant stirring. Allow 
to stand on a steam bath for 1-2 hours, filter, wash with hot water, ignite at the 
temperature of a Bunsen burner, and weigh as barium sulfate. 

From the weight of barium sulfate, calculate the percentage of sulfur in the 
sample. 

Oxidation in Alkaluic Solution . — Weigh o.i gram of sample and transfer to a 
400 cc. Pyrex beaker. Add 10 cc. of 25 per cent sodium hydroxide solution and 
heat on a steam bath until the sulfur is dissolved. Add 2-3 grams of sodium per- 
oxide dissolved in 50 cc. of water, cover the beaker with a watch-glass and heat on 
a steam bath, wdth occasional stirring, until all the sulfur is oxidized to sulfate. 
Wash off the watch-glass and sides of the beaker, acidify with hydrochloric acid 
(i +4), adding 10-15 cc. of the strong acid in excess, and filter if necessary. (If 
the addition of the acid causes a precipitate to form, it indicates that the oxidation 
was incomplete and the determination must be repeated.) From this point proceed 
as directed under “Oxidation in acid solution” beginning with “dilute the filtrate 
and washings to 400 cc.” 


“WETTABLE” SULFUR 

This material is composed of very finely ground or precipitated sulfur. 
It forms a paste with water and iisually contains a small quantity of glue, 
gum, or sodium silicate as a ‘‘deflocculator.’' The preparation mixes read- 
ily on the addition of water to make suspensions of spray strength, in 
which respect it is superior to ordinary powdered sulfur. 

Sampling. — Thoroughly mix the entire contents of the package. If the sample 
is large, preserve a portion in a smaller container sealed to prevent evaporation of 
water. 

Water.—Weigh 50 grams of the thoroughly mixed sample into a flat-bottom 
crystallizing dish. Dry on a steam bath until most of the water is expelled, transfer 
to an oven, and dry to constant weight at ioo°-io5° C., and calculate the loss as 
“water.” Grind the dry sample to a fine powder, mix well, transfer to a sample 
bottle, and use this dry material for analysis. 

Sulfur. — Determine as directed under “Elemental Sulfur” and calculate results 
to original basis. 

Nou*Yolatile Matter."-*Determine as described under “Elemental Sulfur” and 
calculate results to original basis. The residue may be examined and its nature 
determined. 
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SULFUR DUSTING MIXTURES 

Since difficulty is encountered in the application of powdered sulfur to 
plants, lime or other material is added to it in order to improve its dusting 
qualities. The further combination of such mixtures with insecticides, 
particularly lead arsenate and calcium arsenate, has become quite common. 
The mixtures used are of such diversity that it is difficult to formulate 
methods apj)licable to all cases; those given are designed for use with 
mixtures consisting of sulfur and one or more of the following materials: 
lime, lead arsenate and calcium arsenate. 

Sampling. — Use the general method for sampling powders, p. 480. 

Sulfur. — Determine by carbon disulfide extraction as described under “Ele- 
mental Sulfur,” using a i gram sample. Keep in mind the fact that sublimed 
sulfur is not completely soluble in carbon disulfide. 

If the sulfur in the sample is not completely soluble, heat the residue at 100®- 
105® C. to expel the carbon disulfide and oxidize the residual sulfur with nitric acid, 
as described under “Elemental Sulfur.'^ After the oxidation is complete and the con- 
tents of the beaker have been evaporated to dryness with hydrochloric acid to destroy 
nitrates and dehydrate silica, take up the residue with 25 cc. of dilute hydrochloric 
acid (i -f- 4), and heat to boiling to dissolve the lead chloride and lead and calcium 
sulfates. 

If there is much lead arsenate in the sample, use more acid if necessary to dis- 
solve the residue. Filter the solution as quickly as possible after removal from the 
flame and immediately wash with boiling water to prevent crystallization of lead 
chloride on the filter paper. Wash thoroughly with hot water, dilute to 300-*400 cc., 
add 10 grams of ammonium chloride, heat to boiling, precipitate with barium chlo- 
ride, and determine as barium sulfate, as described under the oxidation methods 
for elemental sulfur. Make correction for any sulfur originally present as sulfate 
or other combination. 

Total Arsenic Oxide. — Weigh 2 grams of the sample, transfer to a beaker, 
add 100 cc. of dilute nitric acid (i -f 6), and heat on a steam bath until the ma- 
terials other than sulfur have dissolved. Cool, transfer to a 200 cc. flask, and make 
to volume. Filter through a dry filter and determine the arsenic oxide by the 
Gooch-Browning method, as described under “Lead Arsenate.” 

Lead Oxide. — Determine by the chromate method as described under “Lead 
Arsenate,” using 0.5- i.o gram of the sample. 

Other Constituents. — Calcium, magnesium, iron and aluminum oxides may be 
determined by the usual analytical methods for these elements, after the removal 
of arsenic and lead with hydrobromic acid and hydrogen sulfide as described in 
Methods of Analysis, A. 0, A, C. 

LIME-SULFUR SOLUTION 

Lime-sulfur solution is prepared by heating together sulfur, freshly 
slaked lime, and water. The mixture is boiled until the reaction is com- 
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plete and then filtered to remove the insoluble sludge, which is discarded. 
The solution is an orange-red liquid of 32^-33° Be. (sp. gr. 1.283-1.295) 
and is composed of 30 to 32 per cent of calcium polysulfide (CaSx, in which 
X usually lies between 4 and 5), 1.5 to 2.5 per cent of calcium thiosulfate 
(CaSgOg), traces of calcium sulfate and other sulfur compounds, soluble 
impurities from the lime, and water. 

The determinations usually made on this product are specific. gravity, 
total lime, total sulfur, sulfide sulfur, thiosulfate sulfur, and occasionally 
sulfate sulfur. 

Preparation of Sample and General Methods of Analysis.— -Mix the sample 
by shaking and preserve subsamplcs in tightly stoppered bottles filled to the neck, 
because lime-sulfur solution decomposes when exposed to the air. For analysis 
weigh about 10 grams, dilute to a volume of 250 cc. with freshly boiled and cooled 
water, and thoroughly mix. If the analysis is not to be carried out immediately, 
preserve the diluted solution in several small bottles that are completely filled and 
sealed. Determine the specific gravity of the undiluted sample by any convenient 
means, such as a hydrometer, pycnometer or Westphal balance. 

Many methods and modifications have been proposed and studied for the chemi- 
cal analysis of this product, but only a few need be mentioned here. Those used 
most generally at this time are the zinc chloride and the iodine titration methods 
{Methods of Analysis, A. O, A. C.). Both of these methods follow the same pro- 
cedure for the determination of total lime and total sulfur. The lime is determined 
by adding hydrochloric acid to an aliquot of the diluted solution, evaporating to 
dryness, taking up the residue with water and a little hydrochloric acid, filtering, 
and precipitating the lime in the filtrate as calcium oxalate in the usual way. 

For the determination of the total sulfur an aliquot of the diluted sample is 
oxidized with sodium peroxide, acidified with hydrochloric acid, and filtered, and 
the sulfur is determined by precipitation with barium chloride. In order to prevent 
contamination of the precipitate with calcium sulfate the solution is made strongly 
acid with hydrochloric acid before the addition of the barium chloride, after which 
it is evaporated to dryness and then taken up with hot water and filtered. 

Zinc Chloride Method. — Precipitate the sulfide sulfur as a mixture of zinc sul- 
fide and sulfur by means of ammoniacal zinc chloride solution. Filter and wa.sh 
the mixture, and oxidize the residue with sodium peroxide, then determine the sulfur 
by precipitation with barium chloride in the same manner as for total sulfur. 

Determine the thiosulfate sulfur by titration with iodine after precipitation of 
the sulfide sulfur with ammoniacal zinc chloride, using a much larger aliquot than 
for sulfide sulfur and making the precipitation in a volumetric flask. After pre- 
cipitation make the solution in the flask to volume and filter through a dry filter. 
Neutralize an aliquot of the filtrate with o.i N hydrochloric acid and then titrate 
with standard iodine solution. 

Determine sulfate sulfur by precipitation with barium chloride in the solution 
after titrating the thiosulfate. 
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Iodine Titration Method. — Titrate an aliquot of the suitably diluted sample with 
0.1 N iodine until the yellow color just disappears, which gives the “monosulfide 
equivalent/' or calcium combined as polysulfide, the reaction being, theoretically, 
CaS, + I, = Cal, + S,. 

Continue the titration, allowing the iodine to act as its own indicator, until a 
small drop produces a permanent yellow coloration. The difTcrence between the 
two titrations gives the thiosulfate sulfur, according to the following reaction: 
2CaS20s "4“ I 2 ~ Calx -f- CaS40«. 

After the titration is finished allow the solution to stand for some time to co- 
agulate the sulfur. Filter the solution, dissolve the sulfur in sodium hydroxide, 
oxidize with sodium peroxide, and determine by precipitation with barium chloride 
in the usual way. (This represents the sulfide sulfur.) 

Determine sulfate sulfur in the filtrate from the precipitated sulfur by pre- 
cipitation with barium chloride. 

These two methtxls were thoroughly studied before adoption by the 
A, O. A. C, The results by the zinc chloride method are probably more 
accurate than those by the iodine titration method. 'J'he latter method has 
the fault that any errors of reading the end point in the titration of the 
^‘monosulfide equivalent” affects the results for thiosulfate. The methods 
are thoroughly discussed by Averittd Roark, ^ and Winter.'^ 

Other Methods. — Thompson and Whittier* follow the procedure of the 
zinc chloride method for the determination of sulfide and thiosulfate sul- 
fur except that cadmium chloride is substituted for zinc chloride in the 
precipitating reagent. They state that an excess of the reagent must be 
avoided because cadmium sulfide occludes more of the thiosulfate than 
does zinc sulfide. They treat another portion of the sample with a solu- 
tion of potassium cyanide to convert the polysulfides into thiocyanate, and 
then precipitate the monsulfide sulfur with cadmium chloride exactly as 
in the determination of sulfide sulfur. The reaction between the poly- 
sulfide sulfur and the potassium cyanide may be shown by the following 
equation : 3KCN CaS^ = 3KSCN + CaS. 

Chapin® has proposed methods for use primarily with diluted solutions of 
lime-sulfur (containing 1.5 to 2 per cent of sulfide sulfur) such as are used 
for dipping cattle and sheep. He proposed the determination of “sulfide 
base” figure, “reaction” figure, “sulfide acid” figure, polysulfide sulfur and 
thiosulfate sulfur, for all of which he gives titration methods. 


*/. Assoc, Official Agr, Chem., 1 , 59 (1915)- 
*Jbid,, 76; 3, 338 (x9;ro). 

* Ibid., 4 , 142 (1920). 

* Delaware CoU. Agr. Expt. Su. Bull. 106. 

Ind, Bng. Chem., B, X51, 339 (1916). 
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DRY LIME-SULFUR 

This product is manufactured and sold in an effort to su])ply orchardists 
with an effective substitute for the liquid lime-sulfur, the latter being 
objectionable from a packing and shipping standpoint due to the large 
quantity of water it contains. 

Dry lime-sulfur is generally manufactured by first preparing a com- 
mercial lime-sulfur solution in the usual manner, adding a stabilizing sub- 
stance (usually cane sugar), and then evaporating to dryness either in 
vacuo or at atmospheric pressure in the presence of an inert gas. The 
commercial product contains a relatively large percentage of insoluble 
matter, consisting chiefly of free sulfur with smaller quantities of calcium 
sulfite and lime. The average percentage composition of six different 
brands, as indicated by the analysis of 43 samples from the principal manu- 
facturers, is given by Abbott, Culver and Morgan^ as follows: Calcium 
polysulfides 65, calcium thiosulfate 8, free sulfur 10, other ingredients 17. 

Sampling and P eparation of Sample.— This product, which is a powder, is 
usually packed in cans with close fitting covers. When received at the laboratory, 
sample as described under ‘‘Sampling,” p. 480, and keep in a tightly stoppered bottle. 

The procedure generally followed in the analysis of dry lime-sulfur is to make 
a water solution of a portion of the sample and then to analyze the solution and 
residue separately. 

Treat 5 grams of the sample in a beaker with successive portions of water at 
room temperature and decant each time through a filter paper into a 250 cc. volu- 
metric flask until about 200 cc. has been used. Finally transfer the residue to the 
filter, wash with hot w^ater, cool, and make to volume. Dry the residue at 105° C. 
for 1-1 1/2 hours and reserve for analysis. 

Analysis of Solution. — Proceed exactly as directed under “Lime-sulfur,” 
Methods of Analysis, A, O. A. C, The determinations marked with a star are not 
considered necessary in all cases, and they may he omitted when not desired. 

free Sulfur . — Extract the sulfur from the dried residue with carbon disulfide. 
Evaporate the carbon disulfide on the steam bath or in a current of air, dry at 
ids'" C. for 15 minutes, weigh the sulfur, and calculate its percentage. (During this 
determination great care should be taken to avoid open flames.) 

*Sulfite Sulfur . — Expel the cart>on disulfide from the residue by exposure to the 
air or by gently heating and transfer paper and residue to a 250 cc. beaker. Add 
sufficient water to cover the paper and residue (50-75 cc.), cover the beaker with 
a watch-glass, and place on a steam bath. Add a small quantity of sodium peroxide 
measured on the end of a spatula, and heat until all sulfur compounds are oxidized 
to sulfates, adding more sodium peroxide if necessary. Acidify with hydrochloric 
acid and make to volume in a 250 cc, flask. Determine the resulting sulfate sulfur 


* U. S. Dept. Agr. Bull. 1371, p. 7. 
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in a 100 cc. aliquot by precipitation as barium sulfate and calculate as percentage 
of sulfite sulfur. Calculate the sulfite sulfur to calcium sulfite (CaSOa). 

^Calcium . — Determine calcium in a 100 cc. aliquot of the solution, preparation 
of which was described under “Sulfite Sulfur,” by precipitation with ammonium oxa- 
late and subsequent titration or ignition. 

^Carbon Dioxide . — Treat 2 grams of the sample with water, as described under 
“Preparation of Sample” and determine carbon dioxide in the residue as described 
under “Bordeaux Mixture.** Calcium sulfite may interfere but generally the quantity 
present is so small that the sulfur dioxide evolved is all absorbed in the sulfuric 
acid used for drying the carbon dioxide Otherwise a tube filled with an oxidizing 
agent such as potassium permanganate or dichromate should be used. Calculate the 
carbon dioxide to calcium carbonate. 

^Calcium Hydroxide . — After calculating the calcium equivalent to the sulfite 
sulfur and the carbon dioxide, calculate the remaining calcium from the residue to 
calcium hydroxide. 

*WatCr (Approximate). — Remove the sulfur from 2 grams of the original 
sample with carlxm disulfide and dry the residue at 105° C. The total loss in weight 
is water and sulfur. From this loss subtract the sulfur and calculate the difference 
as percentage of water. 

^Sugars (Sucrose). — Transfer 5 grams of the original sample to a 250 cc. 
volumetric flask and shake with 50 cc. of water until the sugar has dissolved. Add 
100 cc. of a lead acetate solution containing 250 grams per liter, and allow to stand 
for 5 minutes with occasional shaking to precipitate the sulfides; then add 50 cc. 
of a sodium carbonate solution containing 200 grams per liter, allow to stand 5 
minutes, make to volume, mix, and filter through a dry fluted filter. Test a portion 
of the filtrate for sulfides with some of the lead reagent and another portion for 
lead and calcium with ammonium carbonate solution. 

Determine the invert sugar by the Munson and Walker method.’ Multiply the 
value for invert sugar found by the factor 0.05 to convert it to sucrose and calculate 
the percentage of sucrose in the sample. 

Other Methods. — ^Jones^ proposes other methods for the analysis of dry 
lime-sulfur in which the hydrogen sulfide equivalent to the monosulfide 
of calcium is expelled from the sample with carbonic or hydrochloric 
acid, absorbed in sodium peroxide solution, and determined as barium sul- 
fate. The sulfur in the evolution flask is filtered off and weighed. This 
filtrate consists of sulfur already existing in the sample as free sulfur 
together with that originally present as polysulfide and liberated by the 
action of the acid. Thiosulfate sulfur is determined by iodine titration in 
the filtrate from the evolution flask. 

The total sulfur is determined by precipitation as barium sulfate after 
oxidation of a portion of the original sample with sodium peroxide in the 
same manner as in the official method. 

> Methods of Analysis, A, O. A, C, 

Agr. Research, 25 , 323 (1923). 
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Jones makes no attempt to distinguish between the free and polysulfide 
sulfur. Abbott, Culver and Morgan^ show that free sulfur has no effect 
against the San Jose scale and that the pentasulfide and tetrasulfide are the 
ingredients in lime-sulfur that are most effective against these insects. In 
view of these facts it would seem that methods for the analysis of this 
product which fail to differentiate between polysulfide sulfur and free sul- 
fur are not adequate. 

DRY BARIUM-SULFUR PREPARATIONS 

The dry barium-sulfur j)reparations, which are sold for the same pur- 
poses as lime-sulfur solution, are of comparatively recent development. 
Several methods for their preparation have been used, but practically 
all of those produced at the present time consist simply of a mixture 
of “black ash"’ (a crude barium sulfide (BaS) made by heating barium 
sulfate with coal in a furnace) and sulfur. The product dissolves in 
water to produce a solution consisting principally of barium polysulfide. 

The average percentage composition of nine samples reported by Abbott, 
Culver and Morgan’ is as follows: Barium sulfide 38, free sulfur 35, 
barium thiosulfate 4 and other ingredients 23. 

Sampling. — Sample this product and preserve the sample as directed for “Dry 
Lime-Sulfur.” 

Free Sulfur. — Place 5 grams of the sample on a hardened filter paper in a 
short-stemmed funnel and extract the sulfur with successive small portions of car- 
bon disulfide until about 100 cc. has been used. Determine whether all of the free 
sulfur has been extracted by changing the receiver, extracting with 10 cc. more of 
the carbon disulfide, and evaporating off the solvent. 

Evaporate the carbon disulfide from the extract on a steam bath or in a current 
of air, dry at 105 C. for 15 minutes, weigh the sulfur, and calculate its percentage. 
(During this determination great care should be taken to avoid open flames.) 

Preparation of Solution. — Expel the carbon disulfide from the residue on the 
filter and add the residue in small portions to about 100 cc. of water in a 250 cc. 
beaker with stirring and break up any hard particles. Filter into a 250 cc. volumetric 
flask, wash the residue thoroughly with hot water, cool, and make the solution to 
volume. 

Non-Volatile Insoluble Sesidue. — The residue contains barium sulfate, sili- 
cious material, and carbonaceous matter. Ignite the residue, weigh, and make quali- 
tative tests for barium sulfate and silicxous material. Calculate the percentage and 
report as non-volatile insoluble material. 


1 U. S. Dept. Agr, Bull. 1871. 
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Analysis of Solution. — Barium , — Transfer 50 cc. of the solution to a 250 
cc. beaker, acidify with hydrochloric acid, and heat on the steam bath until the 
sulfur coagulates, but do not evaporate to dryness. Filter into a 400 cc, beaker, 
dilute to about 200 cc., precipitate the barium with dilute sulfuric acid, heat on the 
steam bath for 30 minutes, filter, and wash with hot water. Ignite carefully and 
heat to constant weight over a Bunsen burner. From the weight of barium sulfate 
calculate the percentage of barium in the sample. 

Total Sulfur . — Dissolve 2-3 grams of sodium peroxide in 50 cc. of cold water 
in a 250 cc. beaker. Transfer a 10 cc. aliquot of the solution prepared as directed 
above to this aqueous solution of .sodium peroxide, keeping the tip of the pipet 
constantly just under the surface of the liquid until necessary to raise it for drain- 
age at the end. Use a clean dry pipet for measuring each portion. Cover the beaker 
with a watch-glass and heat on a steam bath, with occasional stirring, until all the 
.sulfur is oxidized to sulfate (indicated by the disappearance of the yellow color). 
Wash off the watch-glass and sides of the beaker, acidify with dilute hydrochloric 
acid (i -f 4), and add 15-20 cc. in excess. Dilute to about 300 cc., heat to boiling, 
and add 10 cc. of 10 per cent barium chloride solution slowly and with constant 
stirring. (The barium chloride .should be added at such a rate that alxjut 4 minutes 
is required for running in the necessary quantity. The rate may be regulated by 
attaching a suitable capillary tip to a buret containing the barium chloride solution.) 
Boil for a few minutes and allow to stand on a steam bath for 30 minutes. Filter 
through a quantitative filter, wash free from chlorides, ignite carefully, and heat 
to constant weight over a Bunsen burner. Calculate the percentage of sulfur from 
the weight of barium sulfate, using the factor 0.1374. 

Sulfide and Thiosulfate Sulfur . — Determine the sulfide and thio.sulfate sulfur in 
the same way as in lime-sulfur solutions, using aliquots of the solution prepared as 
directed above. Any sulfate sulfur that may have been in the sample will be in the 
insoluble residue left after the preparation of the solution for analysis. 

DRY SODIUM-SULFUR COMPOUNDS 

These preparations are generally referred to as '‘soluble sulfur.'’ The 
method most generally used for their manufacture consi.sts in heating or 
fusing together sulfur and sodium carbonate, or sulfur and caustic soda. 

Abbott, Culver and Morgan^ call attention to the fact that these products 
are extremely variable in composition. In the samples that they analyzed 
the sodium polysulfide varied from 2 to 72 per cent, sodium thiosulfate 
from 8 to 62 per cent, and free sulfur from o.i to 20 per cent 

Sampling. — This product is usually received by the analyst as a mixture of 
fine and lumpy material packed in cans with tightly fitting covers. In sampling break 
all large lumps and mix thoroughly. Do not attempt to sift the material and avoid 
long exposure to the air. Preserve the sample in a tightly stoppered bottle. 

Reparation of Sample. — Treat 10 grams of the sample in a beaker with 100 
cc. of water; stir thoroughly, breaking up the lumps, to dissolve as much material 


cU, 
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as possible; and decant through a filter into a 500 cc. volumetric flask. Wash 3 
times by decantation, using 50 cc. of water each time, and finally transfer the residue 
to the filter; wash with hot water until the filtrate is colorless; cool, and make to 
volume The residue is free sulfur and other insoluble matter. 

Free Sulfur. — Dry the filter and residue at los'" C. Extract the residue with 
small portions of carbon disulfide, using a total of 50 cc., and evaporate the solvent 
on a steam bath or in a current of air; dry at los*’ C. for 15 minutes, weigh the 
sulfur, and calculate its percentage. (In making this determination great care should 
be taken to avoid open flames.) 

Non-Volatile Insoluble Matter. — Ignite the filter, weigh the residue, calculate, 
and report as percentage of non-volatile insoluble residue. 

Total Sulfur, Sulfide Sulfur, Thiosulfate Sulfur, and Sulfate Sulfur.— De- 
termine as directed for lime-sulfur solutions, using an aliquot of the solution pre- 
pared as directed above. 

Sodium. — Transfer 25 cc. of the solution to a 150 cc. beaker, add 10 drops of 
concentrated sulfuric acid, evaporate as far as possible on a steam bath, and then 
heat to fuming on a hot plate. Cool, take up with water, filter into a 50 cc. platinum 
dish, add i drop of concentrated sulfuric acid, evaporate to dryness, ignite at the 
full heat of a Bunsen burner, cool, and weigh as sodium sulfate. From this weight 
calculate the percentage of sodium in the sample. Throve the absence of other metals 
by qualitative tests. 

Carbon Dioxide. — Dilute 50 cc. of the solution prepared as described above 
to 150 cc. and add sufficient barium chloride solution to precipitate the carbonates. 
Place the beaker on the steam bath until the precipitate settles, filter, and wash 
several limes with water. Transfer the paper and precipitate to a carbon dioxide 
apparatus and determine the carbon dioxide as de.scribed under “Bordeaux Mixture.” 

Chlorides. — Transfer 50 cc, of the solution to a beaker and add sufficient nitric 
acid to precipitate the sulfur. Heat on a steam bath for a few minutes to coagulate 
the sulfur and filter. Precipitate the chlorine in the filtrate by adding silver nitrate 
solution in slight excess. Heat to lx)iling, protect from the light, allow t(^ stand 
until the supernatant liquid is clear, filler, and wash. Test the filtrate with silver 
nitrate to prove complete precipitation. Wash the precipitate on the filter with 
dilute ammonia to dissolve the silver chloride aw’ay from any sulfide which may 
have accompanied it, receiving the filtrate in a clean beaker. Add a few drops of 
silver nitrate solution, acidify with nitric acid, heat to boiling, let stand in a dark 
place until the liquid is clear, filter on a weighed Gooch crucible previously dried at 
140 ‘'-1 50“ C., and wash w'ith hot water, testing the filtrate to prove excess of silver 
nitrate. Dry the silver chloride at I40°-I50® C., cool, and weigh. Calculate and 
renort as percent? ge of chlorine. 

MoistU e (Arpzoxin ate).— Dry about 3 grams of the sample for 5 hour? at 
105 "" C. calculate the percentage loss in weight, and report as moisture. 

CARBON DISULFIDE 

Carbon disulfide is a clear, highly volatile, inflammable liquid. It has 
a boiling point of 46^-47° C. and a sp. gr. at iS'^/4^ of i. 270-1. 272. It 
is largely used as a fumigant against insects which attack stored grain and 
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for destroying ants, grubs, and certain other soil insects infesting green- 
houses, golf courses, and other places. It is also used for killing rodents 
in their burrows or dens. 

The only examination of this product necessary to establish its purity 
is the determination of its boiling point, specific gravity, and non-volatile 
residue. 

Boiling Point. — Determine the boiling point by any recognized method, taking 
great care to avoid superheating. 

Specific Gravity. — Determine the specific gravity at by means of a 

hydrometer, pycnometer, or Westphal balance 

Non-Volatile Residue. — Evaporate a 25 cc. aliquot of the sample in an evap- 
orating dish, on a .steam bath, or in a current of air, taking care to avoid the prox- 
imity of flames. Dry the residue at 105° C. for 15 minutes and weigh. From the 
weight of the residue and the weight of the sample used (calculated from its specific 
gravity) calculate the percentage of non-volatile residue. 

CARBON DISULFIDE EMULSIONS 

Carbon disulfide emulsions are now used to a considerable extent as soil 
fumigants, and they have been most widely used against the grubs of the 
Ja])anese beetle. Mason^ gives the following formula for the preparation 
of an emulsion of this type: One part by volume of cold-water-soluble 
resin-fish-oil soap, 3 parts of water, and 10 parts of carbon disulfide. 

Fleming- gives the following formula for a nonstratifying carbon di- 
sulfide emulsion: 13.5 grams of potassium hydroxide in sufficient alcohol 
to make 193 cc., 77 cc. of oleic acid, 700 cc. of carbon disulfide, and 30 
cc. of cottonseed oil. 


Sampling. — Sample this product by the method for sampling emulsions, given 
on p. 479, and preserve the sample in an air-tight container. 

Carbon Disulfide. — Fisher* recommends the following method, which is a 
modification of the method of Weiss.* 

Weigh a glass-stoppered 100 cc. volumetric flask containing 40 cc. of 8 per 
cent alcoholic potassium hydroxide, add about 2 grams of emulsion, stopper, and 
reweigh to determine the exact weight of the emulsion added. Make the mixture 
to volume with 95 per cent alcohol at 20"* C., mix well, pipet out a 5 cc. aliquot, and 
add to a mixture of 50 cc. of water, 50 cc. of 3 per cent hydrogen peroxide, and 
10 cc. of 10 per cent potassium hydroxide solution in a beaker. Heat on a steam 
bath for I hour, acidify with hydrochloric acid, filler, heat the filtrate to l)oiling, 

* Spraying, Dusting and Fumigating of Plants, The MacMillan Company, 10.28, p. ^50. 

*/nd. Eng. Chan., 17 , to8y (1925). 

^ Ibid., 19 , 1501 (1957). 

*J. Ind. Eng. Chem., I, 604 (1909). 
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and add lo cc. of lo per cent barium chloride solution drop by drop. Allow to stand 
overnight, filter the barium sulfate on an ashlcss filter paper, wash with hot water, 
and carefully ignite in a platinum crucible to constant weight. Run a blank determi- 
nation on the reagents and make the proper correction. From this corrected weight 
of barium sulfate calculate the percentage of carbon disulfide, using the factor 0.16306. 

Other methods for determining carkm disulfide have been studied by Spielman 
and Jones.* The methods tested by them included oxidation in alkaline solution 
with bromine and subsequent precipitation and determination as barium sulfate; 
formation and estimation of xanthale; and precipitation by phenylhydrazine phenyl- 
sulfocarbazide. 

Fatty and Besin Anhydrides. — Weigh about 20 grams of the sample in a 
beaker and heat on a steam bath until the carbon disulfide is expelled. Dis.solve the 
residue in hot water, transfer to a separatory funnel, acidify with dilute sulfuric 
acid, and extract several times with ether. Wash the ether extracts once with water, 
transfer them to a weighed beaker, evaporate on a steam bath, dry for 30 minutes 
at 105° C., and weigh. From this weight calculate the percentage of fatty and resin 
anhydrides, using the factor 0.97. 

If desired the resin anhydrides may be separated and determined by the 
Twitchell method** or the Wolff method.* 

Sodium or Potassium Oxide. — Weigh 5 to 10 grams of the emulsion in an evap- 
orating dish and heat on a steam bath until the carbon disulfide and water are ex- 
pelled. Ignite the residue over a Bunsen burner until well charred, leach the residue 
with water, filter, and wash several times with water. Ash the residue, take up 
with water, and filter into the beaker used to receive the first filtrate; wash with 
water and titrate the filtrate with standard acid. Make a qualitative flame test for 
sodium and potassium. If it is evident that one or the other largely predominates 
calculate the titration to sodium or potassium oxide as the case may be. This method 
is sufficiently accurate for most purposes. However, if a more exact analysis is 
desired, the alkalies may be determined by weighing the combined chlorides or sul- 
fates in the usual way and separating the potassium as potassium platinic chloride. 

Alcohol. — Weigh 20 to 25 grams of the sample into a separatory funnel, acidify 
with dilute sulfuric acid, and extract several times with petroleum ether to remove 
the carbon disulfide and fatty and resin acids. Wash the petroleum ether extracts 
once with water. Transfer the aqueous solution and washings to a distilling flask, 
distil nearly 100 cc. into a 100 cc. volumetric flask, and make to volume. Determine 
the specific gravity of the distillate at 20^/4° C., ascertain the corresponding alcohol 
content in grams per 100 cc. of distillate from the alcohol table, Methods of Analysis, 
A, O. A, C., and calculate the percentage by weight of alcohol in the sample. 

Water. — Subtract the sum of the other constituents from 100 and report the 
difference as percentage of water. 


*/. Soc. Chem, Ind., 38 , 185 T (1919). 
* Ibid,, 10 , 804 (1891). 

*/. Ind, Eng. Chem., 14 . ii6i (1922). 
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FLUORINE COMPOUNDS 

It has long been recognized that the compounds of fluorine have toxic 
properties, and it is natural that they should have been tried as insecti- 
cides. Sodium fluoride has been used as a household remedy against 
roaches and ants for many years, and recently other fluorine compounds, 
such as sodium silicofluoride, have been recommended and used as dusts 
for control of the Mexican bean beetle and other insects. 

The fluorides of commerce have their origin in the by-products of the 
phosphate industry. During the digestion of the phosphate rock with sul- 
furic acid the fluorine contained as apatite, etc., is expelled as hydrogen 
fluoride and silicon tetrafluoride. These gases are absorbed in water and 
yield solutions of hydrofluoric and hydrofluosilicic acids. From these 
acids the corresponding sodium salts are made by interaction with sodium 
carbonate. 

The analysis of compounds of fluorine offers considerable difficulty. 
The principal insoluble com|X)und which it forms, calcium fluoride, is or- 
dinarily gelatinous and hard to handle, and the volumetric processes are 
usually disturbed by slight changes in conditions. Further, fluorine forms 
complexes with numerous other elements, notably boron, iron and alu- 
minum, and those elements therefore interfere with the fluorine determi- 
nation. 

Ctualitative Tests for Fluorine. — Two characteristic properties of fluorine 
upon which its detection is based are the etching action of hydrofluoric acid on 
glass and the volatility of silicon tetrafluoride. In general, a product suspected of 
containing fluoride may be tested for that element as follows : 

Place a portion of the sample in a small platinum dish or crucible, mix with it 
some concentrated sulfuric acid, and cover the dish or crucible with a glass plate 
that has been waxed and had some lines or design scratched through the wax (a 
gummed label may also be used). Heat the dish gently, and after some time re- 
move the glass, clean, and examine for an etching of the design. Such etching is 
conclusive evidence of fluorine. 

If no etching is obtained, however, the evidence for lack of fluorine is not so 
conclusive, since in the presence of silica all the fluorine may form silicon tetra- 
fluoride (SiF4), which is volatile but which does not act on glass in the absence 
of moisture. To guard against this possibility the above test is modified by re- 
placing the waxed glass by a watch-glass that has a drop of water hanging from 
underside. Some of the silicon tetrafluoride that is formed then reacts with the 
water and deposits gelatinous silica, which is found by later examination. 
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Since this test is not easily recognized, there may be doubt about the result 
when the percentage of fluorine is (piite low. In such case, proceed as follows: 
Put 20 grams of sample in a 200 cc. side-neck distilling flask, add i or 2 grams of 
powdered silica, cover it with concentrated sulfuric acid, dip the side-neck tube 
into a test tube containing water, and heat the flask gently. The appearance of 
gelatinous silica in the test tube indicates fluorine. If additional evidence is de- 
sired, make the water fr(^m the test tube slightly alkaline with ammonium hydroxide 
(whereby more silica may separate), filter, and add a calcium salt. This will pre- 
cipitate calcium fluoride, which may be filtered off and tested by the etching test 
described above. In this way it is possible to detect less than o.i per cent of sodium 
fluoride in a sample. 

Total Fluorine. — Volafilhation Method . — The test just described is the basis 
of a quantitative method of wide applicability. By working in a system kept abso- 
lutely dry it is possible to drive off all fluorine as silicon tetrafluoride, which is 
then absorbed in water and estimated gra\ imetrically or volumetrically. This method 
was first proposed by Fresenius, and since his time has been studied by many in- 
vestigators, some of whom have obtained entirely satisfactory results while others 
have failed to recover all the fluorine. The most recent detailed study of the con- 
ditions necessary has been made by Re)nolds. Ross and Jacob.' They report that 
they could recover only 92-^4 per cent of the fluorine in a sample of calcium 
fluoride de.spitc all precautions. Nevertheless it is believed that the method is worth 
while when applied to very complicated mixtures. It is unfortunate that the method 
gives inaccurate re.sults in the presence of borax, since that is a very common con- 
stituent of the roach powders in which sodium fluoride is largely used. 

Calcium Fluoride Precipitation Method — Another method of general applica- 
bility and perhaps of equal importance depends upon fusion of the sample with 
sodium carbonate and silica with subsequent solution, removal of silica, and pre- 
cipitation of the fluorine as insoluble calcium fluoride, which is then ignited and 
weighed. This method, which should be used when borax is present, may be carried 
out as follows: Mix 0.5-1.0 gram of sample w'ith i gram of powdered silica and 
5 grams each of sodium carbonate and potassium carbonate. Heat this mixture 
gradually until it first melts to a thin liquid, then stiffens to a paste and ceases to 
evolve carbon dioxide. Dissolve the cooled melt in water and filter. Add 5 grams 
of ammonium carbonate to the filtrate, boil for 5 minutes, and allow to stand over- 
night. Filler and wash with ammonium carbonate solution. Evaporate the filtrate 
to dryness, take up the residue in a little water, and add dilute hydrochloric acid 
until the solution is neutral to phcnolphthalein. Boi), and the color will return. 
Cool, and discharge the color again. Repeat this cycle until it requires only 1-2 cc. of 
2 N hydrochloric acid to discharge the color. Add 5 cc. of a saturated solution of zinc 
oxide in concentrated ammonium hydroxide, and boil until the ammonia is completely 
expelled. Filter the precipitate of zinc silicate and zinc oxide, and wash with water. 
Neutralize the filtrate, add i cc, of 2 AT sodium carbonate solution and then sufficient 
calcium chloride solution completely to precipitate the fluoride and excess carbonate, 
and then 2-3 cc. excess. Filter and wash, transfer the hulk of the residue to a 
platinum dish, burn the paper separately, adding the ash to the dish, and ignite. 
Cool, add an excess of dilute acetic acid, and evaporate to dryness on the steam bath. 

* /. Assoc. Ofnciai Agr. Chem., 11 , 225, 237 (192S). 
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Take up the residue in water, filter, and wash to remove the calcium acetate. Filter, 
dry, and ignite the residue of calcium fluoride. Calculate the percei/tage of fluorine 
in the sample. Check the purity of the final residue of calcium fluoride by fuming 
it with concentrated sulfuric acid, igniting, and weighing the calcium sulfate formed 

ThiwS method gives the total fluorine in the sample, but it gives no in- 
dication of the form in which it is present. 

In many insecticides containing fluorine, especially roach powders, thi 
only fluorine compounds present are water-soluble sodium salts, and it 
is possible to use simpler methods for their analysis. Frequently or- 
dinary commercial sodium fluoride is simply mixed with pyrethrum pow- 
der, starch, or other ingredient, and at times it is sold unmixed. This 
makes the analysis of commercial sodium fluoride of considerable import- 
ance. 


SODIUM FLUORIDE 

Commercial sodium fluoride is usually made by the neutralization of 
hydrofluoric acid with sodium carbonate. Commercial hydrofluoric acid 
almost always contains hydrofluosilicic acid, so that the finished sodium 
fluoride will contain one or more other substances, depending on condi- 
tions of neutralization. When alkali is added to hydrofluosilicic acid, the 
first effect is to neutralize the acid and produce sodium silicofluoride. If 
the neutralization is carried no farther than this, the finished sodium fluo- 
ride will contain sodium silicofluoride. If not neutralized quite this far, 
there may even be some sodium bifluoride formed. If, however, the ad- 
dition of sodium carbonate is carried to the point at which the solution, 
when hot, is alkaline to phenolphthalein, all the bifluoride will be con- 
verted to normal fluoride, and the silicofluoride will also be converted to 
normal fluoride mixed with anioq>hous .silica. If the product is not 
washed thoroughly it will also contain sodium carbonate. Thus in gen- 
eral, commercial sodium fluoride will tend to consist of one of the two 
mixtures — 


A 

Sodium bifluoride 
Sodium silicofluoride 
Sodium fluoride 


B 

Sodium fluoride 
Silica 

Sodium carbonate 


from either of which the silicon containing compound may be absent owing 
to the use of high-grade hydrofluoric acid. However, all these compounds 
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could be present in one mixture if products of type A and B were mixed 
dry. 

No scheme of analysis is now available whereby all of the 5 components 
mentioned can be directly detennined when present in the same sample. 
The reaction between bifluorides and carbonates is so rapid that no solu- 
tion process will distinguish between them. However, a fairly accurate idea 
of the composition of such a mixture could be obtained indirectly from a 
complete analysis for the separate elements. 

Qualitative Tests. — Cover a portion of sample with 50 per cent alcohol and 
add a few drops of phenolphthalein solution. An alkaline reaction signifies the 
presence of sodium carbonate and hence a mixture of type B. Acidity of an aqueous 
solution to methyl orange signifies the presence of bifluoride and hence a mixture 
of the type A. 


GKNKRAb Methods for Either A or B 

Total Sodium. — Weigh out a I gram sample into a platinum dish, cover with 
3 cc. of concentrated sulfuric acid, and fume to dryness on a hot plate or over a 
Bunsen burner. Take up the residue in a little water, and add a pinch of calcium 
oxide. Filter off any precipitate that forms and precipitate the excess calcium by 
the addition of a few drops of ammonium oxalate and ammonia. Filter, acidify 
the filtrate with sulfuric acid, and evaporate as far as possible on the steam bath. 
Then fume off the excess sulfuric acid, ignite to constant weight, and weigh the 
sulfates. Calculate to sodium (Na) unless a flame test shows potassium, in which 
case determine the potassium by one of the usual gravimetric procedures or de- 
termine the sulfate radicle and calculate the percentage of potassium present. 

Total Fluorine. — Travcr*s Method. — The following method depends upon the 
fact that in acid solution sodium fluoride combines rapidly and completely with 
silica to form sodium silicofluoride, which is then precipitated with a potassium 
salt and titrated with alkali, as illustrated by the following equations: 

6NaF -f SiO^ + 4HCI = Na^SiF. + 4NaCl -f 2 H, 0 ; Na=SiF. + 2KCI = 
K.SiF. -f 2NaCl; and K^SiF, -f 4NaOH = 2KF + 4NaF -f Si(0H)4. 

REAGENTS 

(a) Alcoholic potassium chloride solution. — Dissolve 60 grams of potassium 
chloride in 400 cc. of recently boiled and cooled distilled water, and add 400 cc. of 
neutral 95 per cent ethyl alcohol. 

(b) 0.2 N sodium hydroxide solution. — Prepare an approximately 0.2 N solu- 
tion of sodium hydroxide in some way which will assure the absence of carbonate. 
Standardize it against Bureau of Standards benzoic acid or some other suitable com- 
parison material. 


determination 

Treat 0.5 gram of sample in a small beaker with ao-25 cc. of water, add o.S 
gram of finely divided silica (powdered silica gel serves very well) and a few drops 
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of methyl orange. Add concentrated hydrochloric acid drop by drop until the 
solution assumes a permanent pink color, after which add 0.5 cc. in excess. Heat 
just to boiling, cool to room temperature, add 4 grams of solid potassium chloride, 
and stir until the latter dissolves. Next add 25 cc. of 95 per cent ethyl alcohol, stir, 
and let stand for i hour. Filter under suction and wa.sh with the alcoholic potassium 
chloride reagent. Transfer the filter and residue to a beaker; add 100 cc. of re- 
cently boiled water; heat; and titrate while heating with the standard sodium hy- 
droxide solution, using phenolphthalein indicator. Finish the titration with the solu- 
tion actively boiling. Calculate the percentage of fluorine on the basis that i cc. 
of 0.2 N sodium hydroxide is equivalent to 0.005700 gram of fluorine (F). 

Total Silica. 


REAGENT 

Add excess of zinc oxide to concentrated ammonium hydroxide solution, and 
shake well for some time Filter out the undissolved zinc oxide and preserve the 
solution. 


determination 

Weigh I gram of the sample in a platinum dish, cover with 50 cc. of distilled 
water, add a few drops of bromthymol blue indicator, begin to heat, and add am* 
monia drop by drop to keep the reaction just alkaline, as shown by a blue color. 
Boil for several minutes, then add 5 cc. of the ammoniacal zinc reagent. This will 
precipitate the silica as zinc silicate, which flocculates well, and can be filtered on 
a Whatman No. 41 filter paper. Wash the precipitate with the reagent to assure 
complete removal of fluorine. Then a.sh the filter and contents at a low tempera- 
ture, treat the ash with hydrochloric acid, evaporate to dryness, and bake in an 
oven for several hours to render the silica insoluble. Take up in dilute hydrochloric 
acid, filter, ignite before the blast lamp to constant weight, and weigh as silica 
(SiOa). If this percentage of silica exceeds that calculated from the silicofluoridc 
content, regard the difference as silica present as such or as silicate. 

Sulfate. — The silicofluoridc radicle resembles in some respects the sul* 
fate radicle. Thus it forms an insoluble salt with barium, and makes im- 
possible the determination of sulfates in the usual manner without the 
previous removal of silicofluorides. 

Despite the fact that hydrofluosilicic acid is completely volatile from its 
aqueous solutions on the steam bath, sodium silicofluoridc cannot be easily 
changed to chloride by evaporation with hydrochloric acid. Hence, if it 
is desired to estimate the sulfates in a sample containing silicofluoridc, 
it is necessary first to convert the latter to fluoride, remove the fluoride 
with a calcium salt, and estimate the sulfate in the filtrate. This method 
may be carried out as follows : 
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Weigh a 2 gram portion of the sample, cover it with ico cc. of water in a 250 
cc. beaker, and add solid sodium carbonate until the solution persists alkaline to 
phcnolphthalein. Boil for 5 minutes, adding a little more carbonate if necessary to 
keep alkaline. Cool, and transfer contents of beaker to a 250 cc. volumetric flasik. 
Add a concentrated solution of calcium chloride until the fluoride and carbonate 
ions are completely precipitated. Make to volume, and either allow to settle or 
filter through a dry filter. Take a 100 cc. aliquot for the determination of sulfur 
trioxide in the usual manner, by precipitation as barium sulfate. 

Methods for Mixture A 

Total Fluorine. — Determine by Traver’s method, as described on p. 530. 

Fluorine Present as Silicofluoride. 

REAGENTS 

(a) Alcoholic potassium chloride solution. — Prepare as directed under ^‘Total 
Fluorine,” p. 530. 

(b) Standard sodium hydroxide solution. — Prepare an approximately 0.2 N 
solution as described under ‘‘Total Fluorine,” p. 530. 

(C) Sodium carbonate. — Finely powdered anhydrous sodium carbonate. 

determination 

This method is practically the same as the Traver’s method for total fluorine, 
except that no silica is added and precautions arc taken to prevent the formation 
of additional silicofluoride from any silica present in the sample. 

Weigh I gram of the sample into a platinum dish, add 0.5 gram of the finely 
powdered sodium carlxjnate, cover with 50 cc. of the alcoholic potassium chloride 
reagent, and stir well until it is certain that all the sodium carbonate is dissolved. 
Filter with suction, wash with the alcoholic potassium chloride reagent until the 
w^ash liquid is not alkaline to phcnolphthalein, and finish the determination as de- 
scribed under ‘‘Total Fluorine,” Calculate the percentage of sodium silicofluoride on 
the basis that each cc, of 0.2 N sodium hydroxide is equivalent to 0.009403 gram of 
sodium fluosilicate. 

Fluorine Present as Bifluoride. — Weigh accurately i gram of the sample into 
a 100 cc. platinum dish, cover with 50 cc. of recently boiled distilled water, add a 
few drops of phcnolphthalein indicator, and titrate with 0.2 N sodium hydroxide 
solution free from carbonate. When the fading of the color becomes sluggish, heat 
the dish and contents while titrating, and finish the titration after the solution has 
begun boiling. The titration is equivalent to the sum of the bifluoride and silicofluoride 
according to the following equations: NaHF* -f- NaOH = 2NaF -f HaO; and 
NaaSiFe -f 4NaOH = 6NaF + SiOa + HaO. 

Each cc. of 0.2 AT alkali is equivalent to 0.012401 gram of sodium bifluoride 
(NaHFa). Calculate the titration to percentage of sodium bifluoride on this basis, and 
subtract from the result 1.3190 times the percentage of sodium silicofluoride to get 
the percentage of sodium bi fluoride actually present. 

Total Sodium. — Determine by method already described, p. 530. 
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Methods for Mixture B 

Total Sodiuin. — Determine as described on p. 530. 

Total Fluorine. — Determine by Traver’s method as described on p. 530. 

Total Silica. — Determine as described on p. 531. 

Carbon Dioxide. — Estimate the sodium carbonate present in mixtures of this 
^ype by dissolving a sample in water and titrating with standard acid to the phenol- 
phthalein end point, or if preferable to determine it by evolution and absorption of car- 
bon dioxide, use the following procedure : 

Put a suitable weight of sample into the evolution flask of any good carbon 
dioxide apparatus, add its weight of powdered silica (preferably powdered silica 
gel), and determine the carbon dioxide in the usual manner, as described in Methods 
of Analysis, A. O. A. C. The silica serves to convert all the fluorine present into 
silicofluoridc, and thus not only to render it less volatile, but also to protect the 
evolution flask against severe etching. 

The carbon dioxide is ordinarily present in sodium fluoride samples as 
sodium carbonate, but samples have l)een encountered in which bicarbonate 
was also undoubtedly present. In such cases it is necessary to use both 
evolution and titration methods, and deduce the relative proportions of 
carbonate and bicarbonate from the results obtained. 

SODIUM BIFLUORIDE AND SODIUM SILICOFLUORIDE 

Besides being present as impurities in many samples of commercial' 
sodium fluoride, both of these compounds are used to a limited extent as 
insecticides. Since each may contain some of the other, and both may 
contain sodium fluoride, they should be analyzed by the methods given for 
sodium fluoride, with changes in the size of sample taken consistent with 
the changes in the relative proportions of the various forms of fluorine. 

CALCIUM FLUOSILICATE COMPOUND 

The only fluorine product other than the compounds of sodium that has 
been used to any extent is that known as “calcium fluosilicate compound.^’ 
This is usually very impure, in fact it normally contains fluorine equivalent 
to about 20 per cent calcium silicofluoride, mixed with calcium j)hosphate, 
calcium sulfate, and other compounds. Its complete analysis is quite 
lengthy, and since it is practically impossible to determine the various 
forms of fluorine the only important determination is that of total fluorine. 

The total fluorine in this type of sample is without doubt most easily 
estimated by the method previously described which utilizes the volatiliza- 
tion of silicon tetrafluoride. 
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HYPOCHLOEITES AND OTHEE CHLOEINE COMPOUNDS 

Hypochlorites have been used for a long time for bleaching purposes 
and disinfection. The manufacture of potassium hypochlorite was estab- 
lished by Berthollet, at the Javel works, in 1789, and its use was shortly 
thereafter advocated as a disinfectant. 

The substitution of sodium for potassium in the preparation of Javel 
water was later suggested by Labarraque, and since then sodium hypo- 
chlorite has been more commonly used. 

Bleaching powder or chlorinated lime was made by Tennant, who took 
out a patent for its manufacture in 1798. The use of the chloramines, 
suggested by Dakin, is of comparatively recent introduction. 

CHLORINATED LIME 

Chlorinated lime is made by passing chlorine over moist slaked lime, the 
whole mass being kept well mixed until the absori)tion of gas is complete. 
Its composition has not been definitely determined, but it is generally con- 
sidered that the principal constituent is calcium oxychloride (CaOClg), 
which is accompanied by calcium chloride and free lime in varying quan- 
tities. The activity of chlorinated lime is proportional to its ‘‘available 
chlorine^’ content. This has been defined as the whole quantity of free 
chlorine that becomes available when the product is decomposed by strong 
acid. Despite the term “available chlorine,” the activity of chlorinated 
lime as a germicide is commonly considered to depend on its oxidizing and 
not on its chlorinating power. 

Generally the determination of the available chlorine is all that is re- 
quired. 

Sampling.—This product, which is a powder, is usually packed in cans with 
close-fitting covers. When received at the laboratory, subsample as described under 
'“Sampling,” p. 480, without attempting to sift the material. Preserve the subsamples 
in tightly sealed glass jars or bottles. 

Available ChlorilLe. — Sodium Arsenitc Titration Method. 

REAGENTS 

(a) 0,1 N sodium arseniie solution . — Use pure resublimed arsenious oxide, 
which has been dried to constant weight at 105® C. Dissolve exactly 4.948 grams of 
this pure arsenious oxide in 250-300 cc. of distilled water in which has been dis- 
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solved 10 grams of anhydrous sodium carbonate. In order to hasten the solution 
heat the mixture and stir thoroughly, but avoid extended boiling. When all the 
arsenious oxide is dissolved, indicated by a clear solution, cool and make to volume 
in a liter volumetric flask. The solution should need no further standardization, 
but if desired check against standard iodine solution, using starch solution as an 
indicator. 

(b) Starch-iodide paper. — Saturate strips of filter paper in a starch-iodide solu- 
tion prepared as follows : Mix about i gram of finely powdered potato starch with 
cold water to a thin paste, pour into about loo cc. of boiling water with, constant 
stirring, immediately discontinue heating, and add lo cc. of a i per cent solution 
of potassium iodide. (The paper should be damp during use.) 

DETERMINATION 

Weigh 10 grams of the thoroughly mixed sample into a porcelain mortar, add 
30-40 cc. of water, and triturate until a smooth cream is obtained. Add more water, 
stir well with the pestle, and allow the insoluble residue to settle for a few moments. 
Pour off into a liter volumetric flask, add more water, and again thoroughly triturate 
the sample and pour off as before. Repeat the operation until all the material has 
been transferred to the flask. Rinse the mortar and pestle, catch the wash water in 
the flask, dilute the solution to the mark, and mix. Without allowing the material 
to settle, pi pet a 50 cc. aliquot into a 200 cc. Erlenmeyer flask and titrate with the 
o.i N sodium arsenite solution, using starch-iodide paper as an outside indicator. 
From the number of cc, of sodium arsenite .solution used calculate the percentage 
of available chlorine in the sample, on the basis that i cc. of o.i A As^Os = 0.003546 
gram of available chlorine. 


Thiosulfate Titration Method 
reagents 

(a) Potassium iodide solution — Dissolve 16.5 grams of potassium iodide in 
water and dilute to ico cc. 

(b) O.I AT thiosulfate solution. — Prepare by dissolving 26 grams of crystallized 
sodium thiosulfate (NaaSaOs-SHA)) in recently boiled and cooled water, filter, and 
dilute to I liter with recently boiled and cooled water. Standardize against a stand- 
ard iodine solution, using starch solution as indicator. 

determination 

Prepare a solution of 10 grams of the sample as described under the sodium 
arsenite method, and, without allowing the material to settle, pipet a 50 cc. aliquot 
into a 200 cc. Erlenmeyer flask, and add an excess of the potassium iodide solution. 
Dilute to about 100 cc. ; acidify with acetic acid, adding an excess of 2-4 cc. of 50 
per cent acid for each 25 cc. of solution; and titrate the liberated iodine with the 
0.1 N thiosulfate solution. As an indicator add starch solution toward the end of 
the titration. From the number of cubic centimeters of thiosulfate used calculate 
the percentage of available chlorine on the basis that i cc. of o.i N thiosulfate equals 
0.003546 gram of available chlorine. 
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References: R, C. Griffin, Technical Methods of Analysis, p. 413; F. Sutton, 
A Systematic Handbook of Volumetric Analysis, nth ed , p. 186; S. Ochi, /. Chem. 
Ind. (Japan), a6, 185-90 (1923). 

Chloride Chlorine. — In the determination of chloride chlorine in chlorinated 

yCl 

lime no part of the chlorine of the compound, calcium oxychloride Ca<C , 

^OCl 

is considered as chloride chlorine. 


RKAGENT 

0,1 N silver nitrate solution . — Dissolve 17 prams of silver nitrate in i liter of 
water and standardize against pure sodium chloride by titration, using chromate 
indicator, or gravimetrically by weighing the chloride. 

determination 

To the solution which has been titrated for available chlorine by the sodium 
arsenite method as previously described, add a slight excess of nitric acid, neutralize 
the solution with calcium carbonate, and titrate with o.\ N silver nitrate, using potas- 
sium chromate or the sodium arsenate formed in the solution as indicator. Run 
a blank determination on the reagents and make correction for any chlorine found. 
From the corrected titration calculate the percentage of chlorine. From this value 
subtract the percentage of available chlorine. The difference is the percentage of 
chloride chlorine. 

References: George Lunge, The Manufacture of Sulfuric Acid and Alkali, 
3rd ed., vol. 3, pp. 570-602; U. S. Dept. Agr. Bull. 1389, p. 5. 

Total Chlorine.^ — Transfer a 50 cc. aliquot of the solution prepared for the de- 
termination of available chlorine to a 200 cc. Erlenmcyer flask, add an excess of 
sulfurous acid, heat the mixture to boiling to reduce chlorates, and expel the excess 
of sulfurous acid. Add 2 or 3 drops of nitric acid to insure complete removal of 
the sulfurous acid. Cool the solution ; neutralize with calcium carbonate ; and titrate 
with silver nitrate, using potassium chromate as indicator. From this titration cal- 
culate the percentage of total chlorine in the sample. The difference between this 
value and the sum of the percentage of chloride chlorine and the percentage of 
available chlorine is the chlorine existing in the sample in a higher oxidized form. 
It may be regarded as chlorate chlorine. 

Carbon Dioxide.^ 

APPARATUS 

The following apparatus. Fig. 3, is used for the determination of carbon dioxide 
in the chlorinated lime. 

An evolution flask. A, to which is attached a dropping funnel, C, protected by 
a tube, B, containing soda lime, is connected to a Kjeldahl distilling trap, D, which 
in turn is connected to two wash bottles, E, containing glass beads and potassium 


U. $. Dept. Agr. Bull. 1389, p. 6. 
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iodide solution. The train ends with a Meyer absorption tube, F, containinq o.i 
barium hydroxide solution. 


DETERMINATION 

Weigh 5 grams of the sample into the evolution flask and attach to the rest of 
the apparatus by means of the st(jpper carrying the Kjcldahl distilling trap and the 
dropping funnel with its guard tube. Place 50 cc. of 0.1 N barium hydroxide solu- 
tion in the Meyer tube, and then add 50 cc. of hydrogen peroxide solution through 
the dropping funnel into the evolution flask. After the action due to the hydrogen 
peroxide has ceased, add 30 cc. of dilute hydrochloric acid (1+3) and draw air 



Fig. 3. — Apparatus for Determination of Carbon Dioxide. 


slowly through the apparatus. The evolved gases will be freed from chlorine by 
the potassium iodide in the wash bottles, and the carbon dioxide will be absorbed 
in the standard barium hydroxide in the Meyer tube. Draw the air through the 
apparatus for 20 minutes, disconnect the Meyer tube, and pour its contents into a 
500 cc. Erlenmeyer flask. Thoroughly wash the Meyer tube and add the washings 
to the contents of the flask. Titrate the solution without filtering off the precipitated 
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carbonate, using o.i N hydrochloric acid with phenolphthalein as an indicator. From 
the number of cubic centimeters of barium hydroxide solution used calculate the 
percentage of carbon dioxide, on the basis that i cc. of o.i N barium hydroxide is 
equivalent to 0.002200 gram of CO3. 

Calcium, Magnesium, Iron, Aluminum and Silica may be determined by 
the following scheme which is also given in Bull. 1389. 

To 2 grams of the sample in water, in a 250 cc. beaker, add 25 cc. of strong 
hydrochloric acid (sp. gr. 1.18) and 50 cc. of 3 per cent hydrogen peroxide solution. 
Evaporate this solution on a steam bath, bake on a hot plate for thirty minutes to 
dehydrate silica, take up in dilute hydrochloric acid (i H-q), and filter off the silica. 
Ignite the precipitate and weigh as silica (SiO.*). 

Add ammonia in slight excess to the filtrate and washings, and boil the solution 
until the odor of ammonia is barely perceptible. Filter the combined hydroxide of 
iron and aluminum, and collect the filtrate and washings in a 250 cc. volumetric 
flask. Ignite the precipitate and weigh as iron and aluminum oxides (RjO*). 

Dilute the filtrate to the mark, mix, and precipitate the calcium in the usual 
manner with ammonium oxalate, using a 50 cc. aliquot and reprecipitating. Dis- 
solve the precipitate in dilute sulfuric acid and titrate with 0.2 N potassium per- 
manganate. Report the result as calcium oxide (CaO). Determine magnesium in 
the combined filtrate and washings from the calcium determination by precipitating 
with disodium phosphate solution, igniting, and weighing as magnesium pyrophos- 
phate (MgsPsO?). 

SODIUM HYPOCHLORITE SOLUTIONS 

Sodium hypochlorite solutions are made by the electrolysis of solutions 
of sodium chloride; by interaction between chlorinated lime and solutions 
of sodium carbonate; or by passing chlorine through solutions of sodium 
hydroxide. This product has come into very extensive use during the past 
few years as a disinfectant, particularly in the dairy industry, where it 
has displaced steam to a large extent in the disinfection of milk bottles, 
cans and other dairy equipment. 

It has been claimed by Justin-Mueller^ that the chemical behavior of 
the alkaline hypochlorites is best explained by considering them as chem- 
ical compounds of the type ROCl.RCl or RgOClg, similar to chlorinated 
lime. However, they are more generally regarded as being true hypochlo- 
rites with the formula ROCl. 

Because sodium hypochlorite solutions occur in commerce in varying 
strengths, the quantity of sample to be taken for analysis cannot be def- 
initely stated. The following methods are based on a sodium hypochlorite 
content of approximately 5 per cent. For samples containing a different 
proportion of sodium hypochlorite the quantity of sample used should be 
varied accordingly. 

»/. Pham* Chim., RO, 113 (i 9 i 9 )- 
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Specific Gravity. — Determine the specific gravity at 20^/4° C. by means of a 
Westphal balance, pycnometer or other convenient apparatus. 

Hypochlorite and Available Chlorine.— -Transfer a 20 cc. aliquot of the 
sample to a liter volumetric flask and dilute to volume. Pipet a 50 cc. aliquot of 
the diluted solution into a 200 cc. Erlenmeyer flask, and titrate with 0.1 N sodium 
arsenite solution, using starch iodide paper as an outside indicator. From the num- 
ber of cubic centimeters of sodium arsenite solution used and the specific gravity 
of the hypochlorite solution calculate the percentage of sodium hypochlorite in the 
sample on the basis that i cc. of o.i sodium arsenite is equal to 0.003723 gram of 
sodium hypochlorite. 

Calculate available chlorine from the sodium arsenite titration on the basis that 
I cc. is equal to 0.003546 gram of available chlorine. 

These two constituents may also be determined by thiosulfate titration, as de- 
scribed under “Chlorinated Lime.” 

Other Forms of Chlorine. — For the determination of total chlorine, chloride 
chlorine and chlorate chlorine, use the methods descril>ed under chlorinated lime 
with modifications as to the quantity of sample to be used. In calculating the forms 
of chlorine other than available chlorine note that the allowance to be made for 
the latter is only half its percentage instead of the full percentage as in the case of 
chlorinated lime. 

Sodium Hydroxide. — Pipet 20 cc. of the sample into a 200 cc. Erlenmeyer flask. 
Add 50 cc. of hydrogen peroxide solution that is neutral to phenolphthalein to 
destroy sodium hypochlorite. Mix well and then add sufficient neutral barium 
chloride solution to precipitate any carbonate present. Let stand for a few minutes 
and titrate with 0.2 AT sulfuric acid, using phenolphthalein as an indicator. Calcu- 
late the percentage of sodium hydroxide on the basis that i cc. of 0.2 N sulfuric acid 
is equivalent to 0.008001 gram of sodium hydroxide. 

Carbon Dioxide. — Determine as described under “Chlorinated Lime,” using a 
quantity of the sample governed by the quantity of CO2 present. 

CHLORAMINE T 

Chloramine T ( sodium paratoluenesulphonchloramide, CH3 . C3H4 . - 
S02NaNC1.3H20) is made by the action of strongly alkaline sodium 
hypochlorite on paratoluenesulphonamide, the latter being a by-product of 
the manufacture of saccharin. 

Sampling. — Use the method for sampling powders, p. 480, as it is satisfactory 
for sampling this material. 

Active Chlorine.— U. S. I\ Method: 

REAGENT 

Potassium iodide solution. — Dissolve 16.5 grams of potassium iodide in water 
and dilute to 100 cc. 

DETERMINATION 

Dissolve about 0.5 gram of the sample, accurately weighed, in 50 cc, of water, 
add 5 cc. of the potassium iodide solution and 5 cc. of acetic acid, and allow the 

* U. S. Pharmacopeia X, io6. 
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mixture to stand in a glass-stoppered bottle for lo minutes. Titrate the liberated 
iodine with o.i N sodium thiosulfate, using starch solution as indicator. Each cubic 
centimeter of o.i N sodium thiosulfate corresponds to 0.001773 gram of active chlor- 
ine. From this titration calculate the percentage of active chlorine in the sample. 

Sodium arsenitc method . — Weigh 2 grams of the sample, transfer to a 200 cc. 
volumetric flask, dissolve in water, make to the mark, and mix thoroughly. Pipet 
a 50 cc. aliquot into a 2C0 cc. Erlenmeyer flask and titrate with standard sodium 
arsenite solution, using starch-iodide paper as an outside indicator as described 
under chlorinated lime. From this titration calculate the percentage of active chlor- 
ine in the sample on the basis that i cc. of 0.1 sodium arsenite is equivalent to 
0.001773 gram of active chlorine. 

Total Chlorine. — To a solution that has been titrated for active chlorine by 
the sodium arsenite method add a slight excess of nitric acid, neutralize the solu- 
tion with calcium carbtmate, and titrate with 0.1 N silver nitrate solution, using 
potassium chromate as indicator. Run a blank determination on the reagents and 
make correction for any chlorine found. From the corrected titration calculate the 
percentage of total chlorine in the sample on the basis that i cc. of 0.1 N silver 
nitrate solution is equivalent to 0.003546 gram of chlorine. If the total chlorine 
exceeds the active chlorine, the presence of sodium chloride is indicated. 

Sodium. — Weigh 0.5 gram of the sample in a platinum dish and add about 25 
cc. of water and 10 cc. of dilute sulfuric acid (i +4). Evaporate to a sirupy con- 
sistency on a steam bath and finally to dryness on a hot plate. Ignite at the full 
heat of a Bunsen burner, cool, and weigh as sodium sulfate. The residue should be 
completely soluble in water and should show no turbidity with ammonia and am- 
monium carbonate. Test with a flame for sodium. If the residue meets these 
tests it may be considered lo be pure sodium sulfate. From the weight of the resi- 
due calculate the percentage of sodium in the sample. 

Melting Point Test. — Dis.solve 2-5 grams of the sample in water, acidify with 
acetic acid, filter, extract the filtrate with chloroform, and dry the chloroform solu- 
tion with calcium chloride. Add petroleum ether, collect the precipitate which forms, 
and dry it on a porous plate. Determine the melting point of the dried precipitate 
and test for chlorine. This precipitate should be free from chlorine and have a 
melting point of 136° C.^ Its formula is CtH7SOjNH2 (1:4). 


DICHLORAMINE T 

Dichloramine T ( paratoluenesulphonclichloramide, CH.j , C«H 4 . 80^- 
NCI 2 ) is made by dissolving paratoluenesulphonamide in bleaching powder 
solution, or by dissolving chloramine T in hypochlorous acid. 

Sampling. — Use the method for sampling powders, p. 480, as it is satisfactory 
for sampling this material. 

Active Chlorine.^ — Dissolve about 0.1 gram of the sample, accurately weighed, 


^ U. S. Pbarmacopeia X, 125. 
^ Ber., la, 2, p. i8s.^ (1879). 
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in 20 cc. of glacial acetic acid, in a dry, glass-stoppered bottle. Add 10 cc. of po- 
tassium iodide solution (described under Chloramine T) and 50 cc. of distilled 
water, allow the mixture to stand for 10 minutes, and titrate the liberated iodine 
with 0.1 sodium thiosulfate, using starch solution as indicator. Each cc. of o.t N 
sodium thiosulfate corresponds to 0.001773 gram of active chlorine. From this titra- 
tion calculate the percentage of active chlorine in the sample. 



CHAPTER X 


CTANIDES AND HTSBOCYANIC ACID 

The most important agricultural use of hydroc)ranic acid is the fumiga- 
tion of citrus trees for the destruction of scale insects. Such fumigation 
was first suggested by D. W. Coquillet' who began this work in 1886 in 
southern California. 

At first the hydrocyanic acid was generated directly under the trees by 
the action of sulfuric acid on sodium or potassium cyanide, but during 
the last decade liquid hydrocyanic acid has been made commercially and 
is now extensively used as such in fumigation. 

In addition to the use mentioned hydrocyanic acid gas is also exten- 
sively used for the fumigation of cotton bales, nursery stock, dwellings, 
railroad cars, ships, etc. Tear gas is sometimes used along with it as a 
safety measure; for instance the National Laboratory of Health has used a 
mixture of cyanogen chloride and hydrocyanic acid for the fumigation of 
ships.- 

The only other cyanide product having any important insecticidal use is 
calcium cyanide. Its principal use is for the fumigation of greenhouses, 
but it is also used to kill rodents in their burrows and dens. Its easy de- 
composition by the action of moisture makes it particularly well suited for 
these purposes. The calcium cyanide is applied as a dust, and the hydro- 
cyanic acid gas is liberated by the moi.sture in the air or ground. 

POTASSIUM AND SODIUM CYANIDES 

Potassium and sodium cyanides are made princii)ally by the Beilby** and 
Castner** processes. In the former a fused mixture of ])otassirm carbonate 
and charcoal is treated with ammonia. The product is a molten cyanide of 
high strength. This is filtered from insoluble matter and then cast in 
molds, yielding cakes of pure white cyanide. 

In the Castner. process ammonia is passed over metallic sodium, heated 
to 300^-400° C. in an iron retort. The sodamide formed in this reaction is 
then brought into contact with charcoal previously heated to dull redness,, 
where it is converted into a very pure sodium cyanide. 


» Univ. of California Agr. Expt. Sta. Bull. 122. 

*U. S. Public Health Rpts., 43 , No. 41, 2647 <1928). 

•Proc. Roy. Phil. Soc., Glasgow. 1904. 

^Roacoe and Schorlemmer, A Treatise on Chemistry, Vol. 2, 276 <1917). 
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Sodium and potassium cyanides as sold commercially are usually quite 
pure; they ordinarily contain from 96 to 99 per cent of alkali cyanide. 
The most common impurities are carbonates and chlorides, and it is im- 
portant that cyanide for fumigation purposes be practically free from the 
latter.^ These products usually appear on the market in lum{) forms, the 
lumps being perhaps several ounces in weight. Sometimes sodium cyanide 
is prepared specially for the use of the fumigator in the form of lumps of 
uniform size closely approximating i ounce in weight. This form is in- 
tended to facilitate the measurement of dosage in the pot method of fumi- 
gation. 

Preparation of Sample.-~Brcak the sample into small lumps (do not grind), 
mix, and preserve in bottles or other tight containers. 

Cyanogen^ 


REAGENTS 

(a) o.i silver nitrate solution, — Standardize against pure sodium chloride by 
titration, using chromate indicator; or gravimetrically, weighing the chloride. 

(b) Lead carbonate. — Fine powder. 

(c) Sodium hydroxide solution. — Dissolve too grams of sodium hydroxide in 
water and dilute to i liter. 

(d) Potassium iodide, — Crystals or a saturated solution. 

ICTERM I NATION 

Weigh quickly about 5 grams of sample in a weighing bottle and wash into a 
500 cc. volumetric flask containing about 200 cc. of water. Add a little lead car- 
bonate to precipitate any sulfide sulfur that may be present, dilute to the mark with 
water, mix thoroughly, filter through a dry filter, and then transfer a 50 cc. aliquot 
to a 400 cc. beaker. Add 200 cc. of w^ater, 5 cc. of the sodium hydroxide solution 
and 10 drops of the potassium iodide solution (or a few crystals) and titrate to a 
faint opalescence with the o.i .silver nitrate solution. (In making this titration, 
it is advantageous to set the beaker on a black surface.) From the number of cubic 
centimeters of o.i N silver nitrate used calculate the percentage of cyanogen (CN) 
in the sample. The reaction is represented by the equation : 2NaCN + AgNOj = 
NaCN.AgCN -j- NaNO«; hence i cc. of o.i N silver nitrate solution is equivalent to 
0.005202 gram of cyanogen (CN), 0.009801 gram of sodium cyanide (NaCN) or 
0.013022 gram of potassium cyanide (KCN). 

Alkali. — Transfer a 50 cc. aliquot of the solution, prepared as directed under 
cyanogen, to a platinum evaporating dish. Add 5 cc. of sulfuric acid (1+4) and 
evaporate on a steam bath under a hood. Use extreme care to avoid breathing any 
of the evolved gas during this operation. When the contents of the dish have 


19 


^ V. S. Dept. Agr. Bur. Entomology Bull. 90, part 3. 
*/. Afwor. Official Agr. Chent., 10, 27 (1927). 
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reached a sirupy consistency heat carefully on a hot plate or over a low Bunsen flame 
until all sulfuric acid fumes have been driven off. Dissolve the residue in about 40 cc. 
of water, make slightly alkaline with ammonia, add a few drops of ammonium car- 
bonate solution, and heat for a few minutes. Filter into a weighed evaporating 
dish, evaporate to dryness, and ignite at the full heat of the Bunsen burner. Cool 
and weigh as sodium or potassium sulfate. The residue should be completely solu- 
ble in water, neutral, and show no turbidity with ammonia and ammonium carbonate. 

Test the residue with a flame, and if only one of the alkali metals is present, 
calculate the percentage of sodium or potassium oxide, as the case may be. 

If the flame test shows the sample to contain both sodium and potassium, de- 
termine the potash in the mixed sulfates by the chloroplatinate method. 

Chlorine . — Formaldehyde Method ^ 

REAGENTS 

(a) 0.1 N silver nitrate solution, — Prepare as directed under cyanogen in 
sodium and potassium cyanides. Reagent (a). 

(b) 01 N ammonium or potassium thiocyanate solution, — Adjust by titrating 
against the o.i N silver nitrate solution, using ferric alum indicator (d). 

(c) Formaldehyde solution — A 40 per cent chloride- free solution. 

(d) Ferric alum mdicator.-^A saturated solution of ferric ammonium alum. 

DETERMINATION 

Transfer a 50 cc aliquot of the solution prepared for the determination of 
cyanogen to a beaker, dilute with an equal volume of water, add 1-2 cc. of the 
formaldehyde solution, stir well, and let stand for 15 minutes. Acidify with nitric 
acid (s cc. of I -f I is usually enough), add a measured volume of the o.i N silver 
nitrate solution sufficient to give an excess, stir well, filter, wash, and titrate the ex- 
cess silver in the combined filtrate and washings with the 0.1 N thiocyanate solu- 
tion, using ferric indicator. From the number of cubic centimeters of 0.1 N silver 
nitrate solution, less the number of cubic centimeters of 0,1 N thiocyanate solution 
used, calculate the percentage of chlorine in the sample, on the basis that each cubic 
centimeter of 0.1 silver nitrate is equivalent to 0.003546 gram of chlorine. 


Distillation Method^ 

REAGENTS 

The reagents needed are described under the formaldehyde method. 

DETERMINATION 

Transfer a 50 cc. aliquot of the solution prepared for the determination of 
cyanogen to a distilling flask, dilute to 100-150 cc., acidify with a slight excess of 
acetic acid, and distil, passing the vapors through a condenser, the delivery end of 
which dips into a solution of sodium hydroxide, to absorb the hydrocyanic acid and 

* 7 . Assoc, OfUciiU Agr, Chem», 10 , 38 (1937). 
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thus protect the analyst from the fumes. After all the hydrocyanic acid has been 
driven off, which should be the case when 50 cc. of distillate has passed over, wash 
the liquid remaining in the distilling flask into a beaker, add 5 cc. of dilute nitric 
acid (i + i) and then a measured volume of the 01 N silver nitrate solution .suffi- 
cient to give an excess, stir well, filter, wash, and titrate the excess of silver in the 
combined filtrate and washings with the 0.1 N thiocyanate solution, using ferric in- 
dicator. From the number of cubic centimeters of o.iJV silver nitrate solution, less 
the number of cubic centimeters of o.l N thiocyanate solution used, calculate the 
percentage of chlorine in the sample. 


Carbon Dioxide . — Evolution Method 

APPARATUS 

The apparatus consists of a 200 cc. Erlenmeyer flask closed with a 2-holed 
stopper; one hole is fitted with a dropping funnel, the stem of which extends almost 
to the bottom of the flask, and the outlet of a condenser passes downward through 
the other hole. The upper end of the condenser is connected with a calcium chloride 
tube (many samples of calcium chloride contain free lime and it is necessary to 
select a neutral preparation for use in this tube), which in turn is connected with 
a Geissler bulb containing concentrated sulfuric acid. Next in line are two weighed 
U-tubes for absorbing the carbon dioxide, the first filled with porous soda-lime and 
the second, one-third with soda-lime and two-thirds with calcium chloride, the cal- 
cium chloride being placed at the exit end of the train. An aspirator is connected 
to the last U-tube to draw air through the apparatus. An absorption tower filled 
with soda-lime is connected with the mouth of the dropping funnel to remove carbon 
dioxide from the air entering the apparatus. 

DETFRMINATION 

Weigh I gram of the sample into the Erlenmeyer flask, add about 20 cc. of 
water, and allow the sample to dissolve ; then add 4 grams of silver nitrate dissolved 
in about 50 cc. of water. Mix by rotating the flask and connect the flask to the 
apparatus, omitting the two weighed U-tubes and draw carbon dioxide-free air 
through the apparatus until the original air is displaced. Then attach the weighed 
U-tubes in position as described above, close the stopcock of the dropping funnel, 
pour into it 50 cc. of dilute nitric acid (l -I- reconnect with the soda-lime tower, 
and allow the acid to flow into the Erlenmeyer flask. When effervescence diminishes, 
place a low Bunsen flame under the fla.sk and start the flow of water through the 
condenser, drawing a slow current of air through the apparatus at the same time. 
Maintain a steady but quiet ebullition and a slow air current through the appa- 
ratus. Boil for a few minutes after the water has begun to condense, then remove 
the flame and continue the aspiration of air at the rate of about two bubbles per 
second until the apparatus is cool. Disconnect the weighed absorption tubes, cool 
in the balance case, and weigh. The increase in weight is the quantity of carbon 
dioxide liberated from the sample. From this weight calculate the percentage of 
carbon dioxide in the sample. 
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Precipitation Method 

The following method is essentially that given by W. H. Seamon.^ 

Weigh 10 grams of the sample in a 200 cc. beaker, dissolve in about ICO cc. of 
water, filter, and wash thoroughly. Catch the filtrate in a beaker and add sufficient 
calcium nitrate to precipitate the carbonate. Stir thoroughly and allow to stand 
I hour. Filter, wash the precipitate, ignite to constant weight over a blast lamp, 
and weigh as calcium oxide. From this weight calculate the percentage of carbon 
dioxide in the sample, using the factor, COa/CaO = 0.7847. 

If preferred, transfer the washed precipitate to the flask of the apparatus de- 
scribed under the evolution method and determine the carbon dioxide by evolution. 
In this case omit the silver nitrate in the evolution flask and use dilute hydrochloric 
acid for the liberation of the carbon dioxide. With these exceptions proceed as 
directed in the evolution method. 

Moisture.— Dry 2 grams of sample to constant weight at 105° C. and calculate 
the percentage loss in weight as moisture. 

The carbon dioxide and moisture content of cyanides is relatively unimportant 
and these determinations may generally be omitted. The determinations usually 
made in testing sodium or potassium cyanide arc cyanogen, chlorine and alkali. 

CALCIUM CYANIDE 

Impure calcium cyanide is made by fusing calcium cyanamide, calcium 
carbide and sodium chloride in an electric furnace. The fused mass is 
ground and is marketed as flake, granular or dust calcium cyanide. 

The product contains from 40 to 45 per cent of calcium cyanide. The 
principal impurities are calcium carbonate and sodium chloride, with 
smaller quantities of sulfides, carbon, calcium carbide, calcium cyanamide 
and siliceous material. 

Another method of manufacture used to some extent for several years 
consisted of treating calcium carbide with liquid hydrocyanic acid. The 
product obtained contained a higher percentage of cyanogen than that ob- 
tained by fusion in the electric furnace, and it consisted of calcium cyanide 
in combination with hydrocyanic acid (Ca(CN)2.2HCN). 

Cyanogen.® 


REAGENTS 

(a) 0.1 N silver nitrate -Prepare as directed under cyanogen in 

3odium and potassium cyanides, Reagent (a), p. 543* 

(h) Soda4ead Dissolve 20 grams of lead acetate in water, dilute to 

I liter, and add 200 grams of chloride-free sodium carbonate. 

* Western Chem. Met,, 6, 392 (1909). 

•/. Assoc, Official Agr, Chem,, 10 , 29 (1927). 
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(c) Sodium hydroxide solution . — Prepare as directed under sodium and potas- 
sium cyanides, Reagent (c). 

(d) Potassium iodide , — Crystals or a saturated solution. 

determination 

Place about 200 cc. of water in a 500 cc. volumetric flask and carefully dry the 
neck of the flask. Weigh about 5 grams of the sample in a weighing bottle and 
transfer to the flask with the least possible exposure to the air. Wash down into 
the flask and mix by whirling until the soluble portion is completely dissolved and 
the small quantity of calcium carbide has been decomfiosed. Then add 25 cc. of 
the well-mixed soda-lead reagent, or a quantity sufficient to remove sulfides, close 
the flask with a rubber stopper, and shake thoroughly at intervals over a period of 
30 minutes. Dilute to the mark, mix, and filter through a dry filler. Transfer a 
50 cc. aliquot to a 400 cc. beaker and proceed as directed under the determination of 
cyanogen in sodium and potassium cyanides, beginning with “Add 200 cc. of water, 
5 cc. of sodium hydroxide solution, ♦♦♦♦.” One cc. of 0,1 N silver nitrate solu- 
tion is equivalent to 0.005202 gram of cyanogen (CN). To obtain the percentage 
of calcium cyanide (Ca(CN)2), multiply the percentage of cyanogen by the factor 
1.7702. 

Chlorine. — Determine chlorine by the formaldehyde or the distillation method, 
as described under sodium and potassium cyanides, using a 5o cc. aliquot of the solu- 
tion prepared for the determination of cyanogen. 

Water-Insoluble Besidue. — Weigh 2 grams of the sample into a beaker, add 
100 cc. of water, and stir. Allow to stand for 30 minutes, stirring at frequent in- 
tervals, Filter through a weighed Gooch crucible and wash with water at room 
temperature. Dry the residue at 105° C. and weigh. From this weight calculate 
the percentage of water-insoluble residue. This residue will consist chiefly of cal- 
cium carlx)nate with small quantities of carbon and silica. 


HYDROCYANIC ACID (LIQUID) 

Liquid hydrocyanic acid has been known for many years, but only dur- 
ing the last decade has it been manufactured on a large scale. At the 
present time this material has almost entirely replaced the alkali cyanides 
in the fumigation of citrus trees for scale insects. Large quantities are 
also used in the fumigation of bale cotton and other imported materials, 
as well as the cars and ships bringing them, to prevent the introduction 
of insect pests. In the fumigation of cotton and freight cars entering the 
United States from Mexico alone, the Federal Horticultural Board used 
over 100,000 pounds of hydrocyanic acid during the years 1927 and 1928. 

Liquid hydrocyanic acid is colorless, has a specific gravity of 0.697 at 
18° C. and a boiling point of 26.5° C., and is miscible with water in all 
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proportions. It is ordinarily stable, but it has been known to suffer decom- 
position, with explosive violence. The product manufactured at present 
has been much improved in its keeping qualities, and the explosive hazard 
is now of minor importance. 

Gray and Hulbirt^ recognized the difficulty of sampling and analyzing 
such a poisonous and volatile material and proposed a specific gravity 
method for obtaining its strength. They prepared tables for this pur- 
pose and obtained results which agreed very well with those obtained by 
a careful chemical analysis. 

Walker and Marvin^ prepared, for use with hydrometers accurately 
graduated at 15.6° C., a table of percentages corresponding to specific 
gravity, which they claim to be more accurate than the table of Gray and 
Hulbirt. They state that long and continuous use of this table has 
demonstrated that the results of the determination of hydrocyanic acid by 
the specific gravity method are accurate to within dro.i per cent. 


Hydrocyanic Acid . — Specific Gravity Method 


APPARATUS 

The apparatus, shown in Fig. 4, consists of a hydrometer enclosed in a glass 
tube which is closed at each end with a 2-hole rubber stopper. A piece of tubing 
containing a stopcock passes through each of the holes in the lower stopper. One 
of these tubes passes through another 2-hole stopper and is used to draw the sample 
from the drum or bottle. A thermometer projects into the liquid through the 
upper stopper and a suction bulb is also attached to the upper stopper for pumping 
the liquid from the container into the tube. 

The hydrometer is graduated at 15.6° C. and is accurate to the third decimal 
place. 


DETKRMINAXION 

Place the apparatus in position with the tube inserted in the drum or bottle 
containing the sample, pump up sufficient liquid to float the hydrometer, note the 
temperature, and read the specific gravity to 3 decimal places* Use these data to 
obtain the percentage of hydrocyanic acid from Table I. 


> Univ. California Agr. Expt. Sta. Bull. 308. 
*/«d. Bng, Chem., 18 , 139 (19^6). 
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Fig. 4. — Apparatus for Determination of Hydrocyanic Acid by Specific Gravity. 


Titration Method ‘ 

APPARATUS 

In this method weighing the charge for analysis and getting it absorbed in 
alkali are the only difficulties encountered. The following apparatus (Fig. 5) is 
desirable: The sampling tube, A, is fitted with two 3- way stopcocks, one of which 
communicates with the air and is protected by a soda-lime guard tube, C, while the 
other communicates directly with the 500 cc. sample bottle, D, and also with the 
200 cc. absorption flask, B, The connection with Flask B is made by means of an 
intermediate bulb, E, carrying a short stem on the upper end and a long slender 
stem on the lower end. The absorption flask is protected by a soda-lime guard tube, 
F, against any moisture which may diffuse backward from a filter pump to which 
it is attached. The glass cylinder, G, under one outlet from the upper stopcock 
catches the overflow. 


ABSORPTION OF HYDROCYANIC ACID 

Place 90 cc. of 25 per cent sodium hydroxide solution in the absorption flask. 
Insert the stopper carrying the bulb and carefully weigh the flask and contents. 


^Ind, Bng, Chem., 18 ^ 139 (19^). 
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Fic. 5. — Apparatus for Determination of Hydrocyanic Acid by Titration Method. 


Attach the flask to the absorption apparatus and turn the stopcock so that the hy- 
drocyanic acid may flow from the sample bottle through the receiving bulb and out 
into the cylinder. Connect the 500 cc. bottle containing the sample to be analyzed, 
and pump the liquid hydrocyanic acid through the apparatus until both are at the 
same temperature and no loss by volatilization due to the heat of the apparatus may 
occur. Next close the lower stopcock and then close the upper one. Then caut- 
iously open the lower stopcock so that only a very small stream flows down through 
the empty bulb on the absorbing flask, in which space the liquid is vaporized and 
then bubbles slowly under perfect control through the soda-solution, where it is com- 
pletely absorbed. Owing to the relatively high vapor pressure of the hydrocyanic 
acid the liquid will be forced out of the sampling bulb without opening the upper 
stopcock. After the sampling bulb has thus been gradually emptied of the liquid, 
apply gentle suction to the lower guard tube, open the upper stopcock by turning 
to connect with the soda-lime tube which is opened to the air, and slowly draw a 
current of air through the liquid in the absorption flask, thus removing all traces 
of hydrocyanic acid from the receiving bulb. Detach the absorber, remove the guard 
tube, and after cooling in the balance case, reweigh the flask and contents* The 
increase in weight is due to the absorbed hydrocyanic acid. Transfer the contents 
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of the absorber to a liter flask, make to volume, mix well, and determine the hydro- 
cyanic acid in an aliquot by titration as described under sodium cyanide. 

HYDROCYANIC ACID IN FUMIGATED PRODUCTS 

As a result of the fumigation of warehouses and other storage places 
foodstuffs often absorb and retain more or less of the hydrocyanic acid. 
The question of the quantity retained has been investigated by Griflfin, 
Neifert, Perrine, Duckett and Back.^ They found that all the products 
examined absorbed the fumigant to some extent, but the proportion ab- 
sorbed varied with the different products, as did the rate at which the 
hydrocyanic acid was evolved during subsequent storage. The method of 
determination follows : 


REAGENTS 

(a) Normal sodium hydroxide . — Prepare an approximately normal solution by 
dissolving 40 grams of sodium hydroxide in i liter of water. 

(b) Ferrous sulfate solution . — Dissolve 3 grams of ferrous sulfate in 100 cc. 
of water. This reagent should be freshly prepared. 

(c) Powdered potassium fluoride. 

(d) Crystallised tartaric acid. 


determination 

Weigh a quantity of the sample containing the equivalent of 1-2 mg. of potas- 
sium cyanide, transfer to a 500 cc. distilling flask, and add about 200 cc. of water 
and 5~io grams of tartaric acid. Attach to a condenser and distil about 50 cc. into 
a 250 cc. round-bottom flask containing i cc. of the normal sodium hydroxide. 
During the distillation use an adapter attached to the condenser so that it dips under 
the surface of the liquid in the receiving flask. Determine the hydrocyanic acid 
in the distillate by the method of Viehoever and Johns,* as follows : 

Concentrate the distillate to a volume of i cc. by distillation under reduced 
pressure, using a filter pump. In order to induce smooth and regular evolution of 
the water vapor, admit air into the flask through a capillary tube dipping into the 
liquid. Apply heat for the distillation by immersing the flask in a beaker of water, 
which is kept at a temperature of 65® C. 

When the liquid has been concentrated to i cc., add from 0.2 to 0.5 cc. of the 
freshly prepared ferrous sulfate solution and about 0,05 gram of potassium fluoride. 
Exhaust the flask again by means of the water vacuum pump, and mix the contents 
by rotating the flask. After 5-10 minutes detach the flask from the pump and acidify 
the mixture with 30 per cent nitric acid. The blue color will at once appear. If 
only traces of hydrocyanic acid are present, it will sometimes be necessary to warm 
to about 50® C. in a water bath to develop the color. After the color has developed, 

^ U. S. Dept Agr. Bulls. 1149 ond 1807. 

^Am. Chem. See,, 87, 6 oi ( 191 5 ). 
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dilute to a volume that will give a color intensity convenient to compare with a set 
of standard suspensions of Prussian blue made from known weights of potassium 
cyanide. Standards equivalent to 0.2-1.5 mg. of potassium cyanide diluted to 25 cc. 
will give colors of convenient intensity. Keep the mixtures protected from the air 
and avoid much shaking, to prevent excessive oxidation of the ferrous hydroxide. 

The quantities of reagents mentioned are suitable for 1-2 mg. of potassium 
cyanide. If less than i mg. of potassium cyanide is present, reduce the quantities 
of the reagents accordingly, in order to obtain the maximum intensity of color. 
From the results obtained by comparison with the standards, calculate the quantity 
of hydrocyanic acid in the sample and report as parts per million. 



CHAPTER XI 

MEECUEY COMPOUNDS 

The disinfectant or germicidal action of the compounds of mercury 
is too well known to need much comment. The chloride is widely used 
as a disinfectant and, like the iodide, is added to soaps to make them 
antiseptic; the metal itself is incorporated into ointments for use against 
certain fungous infections of the skin, for certain insects on man, and lice 
on chickens. Recently various organic comj)ounds containing mercury 
have attained considerable reputation as seed disinfectants, finding use, 
for instance, in preventing the spread of stinking smut in wheat. Finally, 
mercuric chloride finds limited application as an insecticide, being used 
in aqueous solution or in kerosene, gasoline or other volatile liquid for 
control of bed bugs. 

The analysis of mercury preparations presents many points of interest 
and frequently considerable difficulty. In the first place many mercuric 
salts are only slightly ionized, which makes it difficult to precipitate the 
acid radicle ; for instance, silver salts will not precipitate the cyanide radicle 
from a solution of mercuric cyanide. On the other hand this property 
forms the basis of methods for estimating the mercury; for instance, a 
solution of mercuric nitrate may 1)e titrated with a solution of a thiocya- 
nate, the mercury becoming mercuric thiocyanate, which although soluble 
is so little ionized that it does not color the ferric salt solution used as an 
indicator for excess thiocyanate. Practically all inorganic mercury com- 
pounds, however, yield a quantitative precipitate with hydrogen sulfide, 
due to the extreme insolubility of mercuric sulfide. 

Some organic compounds of mercury resist even the action of hydrogen 
sulfide, and it is necessary to resort to other means of separating the 
element. Electrolysis will suffice in many instances, but in general it 
becomes necessary to destroy the organic portion of the sample and then 
recover the mercury by any convenient method. The destruction of or- 
ganic matter has been studied by many investigators nearly all of whom 
have used methods involving heating with concentrated sulfuric acid to 
which some powerful oxidizer is added. Nitric acid is most commonly 
used, but permanganate and 30 per cent hydrogen peroxide have also 
been used. It is generally conceded that it is necessary to use a re- 
flux condenser in such digestions in order to prevent loss of mercury by 
volatilization. The chance of loss is greater in the presence of chlor- 
products — for instance in the case of some seed disinfectants that contain 
mercuric chlorphenol. 
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PRODUCTS CONTAINING METALLIC MERCURY 

Ointments containing metallic mercury are sometimes used for the con- 
trol of lice on chickens. Such ointments usually consist of lard or other 
fatty material in which the metallic mercury has been incorporated by 
triturating. Numerous methods have been suggested for the analysis of 
these mercurial ointments. Most of these are outlined below, and in ad- 
dition details are given for one method which is considered sufficiently 
satisfactory to use on those preparations sold as insecticides. 

Jaenicke^ simply extracts the base of the ointment with petroleum ether, 
evaporates the ether, and weighs the base, obtaining the percentage of mer- 
cury by difference. Johnson^ treats the ointment with warm benzene and 
adds potassium cyanide and a few copper beads. The mercury amalga- 
mates with the copper, the beads are recovered and weighed, and the mer- 
cury is determined by loss in weight on ignition. Weinland and Ens- 
graber* dissolve the ointment in ether and benzene, dissolve the mercury 
by adding chlorine water, then precipitate and weigh it as mercuric sulfide. 
Willen^ extracts with ether, adds excess of standard iodine solution to dis- 
solve the mercury, and titrates back with a standard thiosulfate solution. 
Crewe® saponifies the fatty constituents, rendering them soluble in water, 
then filters off the mercury and weighs it. 

Following is the simple scheme employed in the writers’ laboratory. 

Hercury. — Warm 5-10 grams of the sample, add 50 cc. of petroleum ether, 
allow the metallic mercury to settle, and decant the ether layer through a small 
filter. Repeat the treatment with ether until all fatty material has been dissolved. 

Pour 30 cc. of concentrated nitric acid through the filter which has been used, 
and catch it in the beaker containing the bulk of the mercury. Let stand until the 
mercury has completely dissolved, make up to 250 cc. in a volumetric flask, mix, 
and use a 25-50 cc. aliquot for titration as follows. Add 5 cc. of 10 per cent ferric 
sulfate solution as indicator, and run in standard potassium thiocyanate solution 
(about o.i N) until a reddish yellow color is produced. Calculate the percentage 
of mercury on the basis that each cubic centimeter of o.i^ thiocyanate solution is 
equal to 0.01003 gram of mercury (Hg). 

Fatty Material. — Evaporate the ether extract from the mercury determination in 
a tared beaker and weigh the total fat. 

If it is desired to investigate the fatty material more closely, proceed as follows : 

UllsapolLifiable Matter. — Melt the fats obtained under determination of total 


^ Pharm. Ztg., 69 , 363 (1914). 

* Pacific Pharm., 3 . 38 (1909). 

^ Suddeut, Apoth, Ztg., 69 , 42a (X9X2). 

* Schweiz. IVorchschr., 48 , 250 (1910). 
^ Pharm. 81 , 359 (1908). 
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base, transfer to an Erlenmeyer flask fitted with a reflux air condenser, add 2 grams 
of potassium hydroxide and 60 cc. of 70 per cent ethyl alcohol, and heat on a steam 
bath for ^-2 hours. Evaporate the alcohol, and extract the unsaponifiablc matter 
with several portions of ether. Evaporate the ether in a tared beaker, weigh the 
residue, and calculate it to percentage of unsaponifiable matter. 

Fatty Acids. — Acidify the aqueous liquid left from the above determination 
with dilute sulfuric acid, extract with several portions of ether, evaporate the ether 
in a tared beaker, weigh, and calculate the residue to percentage of fatty acids. 

SOAPS CONTAINING MERCURY 

Mercuric chloride or mercuric iodide is sometimes added to soap to give 
it disinfectant properties. These mercury compounds sometimes enter 
into combination with the fatty acids in such a way that simple acidifica- 
tion of an aqueous solution of the product with hydrochloric acid does not 
suffice to separate the fatty acids and the mercury. However, digestion 
with aqua regia will usually accomplish this purpose and such preparations 
may be analyzed for mercury as follows : 

Mercury. — Add 25 cc. of aqua regia to 5 grams of soap in a covered beaker. 
Digest on the steam bath for i hour, dilute with water, add several grams of paraffin 
to collect the fats and fatty acids, allow the whole to cool, remove the solid cake 
of fat, and determine the mercury in the aqueous layer as follows: 

Nearly neutralize the acid solution with sodium carbonate and add a slight 
excess of freshly prepared ammonium sulfide. Add sodium hydroxide solution un- 
til the black liquid begins to clear up, then boil and add more alkali until it is com- 
pletely clear. Next add an excess of ammonium nitrate and boil until the free 
ammonia is almost entirely expelled. Filter through a Gooch crucible and wash with 
hot water until all soluble sulfides are removed. Dry at 110° C. and weigh. Cal- 
culate the weight of mercuric sulfide to percentage of mercury or whatever com- 
pound qualitative tests have shown to be present. 

ORGANIC MERCURIAL SEED DISINFECTANTS 

As previously mentioned under copper carbonate, the disinfection of 
seed, especially wheat, to prevent the spread of fungous diseases, has as- 
sumed considerable importance in recent years. It is only natural that 
compounds of mercury should have been tried for this purpose, and they 
have proved especially valuable. Mercuric chloride has been used, but the 
greatest benefit has been derived from organic compounds of mercury. 
These include such products as mercury chlor-phenol, mercury nitro- 
phenol, resorcin mercury, sodium cresol mercury, and numerous others. 

At present, no particular compound of this type is considered more 
active than another, and for anal3rtical purposes it is sufficient to consider 
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only the mercury content. If at the same time the analyst can identify 
the compound present, so much the better. Such identification can usually 
be made by qualitative tests, and the percentage of compound present can 
then be calculated from the mercury content. 

The determination of mercury in this class of compounds requires 
special pretreatment to render the mercury precipi table or titratable by 
the ordinary reagents. The pretreatment consists ordinarily of the di- 
gestion of the material with concentrated sulfuric acid and some power- 
ful oxidizer, such as nitric acid, potassium permanganate, potassium di- 
chromate, or hydrogen peroxide. In all such oxidations care must be 
taken to prevent the escape of mercury by volatilization, esjiecially when 
the product contains chlorine compounds. This volatilization can be pre- 
vented by the use of an air condenser on the digestion flask. 

An excellent review of the question of destroying organic matter pre- 
paratory to the determination of mercury has been given by Bodnar, Roth 
and Tergina,^ and the following method first proposed by Wdber has been 
taken from their publication. 

Mercury. — Titration Method , — Place a 0.2-0.5 gram sample in a 200 cc. Krlenmeyer 
flask, add 5 cc. of concentrated sulfuric acid, and mix by rotating the flask. Pul a re- 
flux condenser on the flask, warm it to 50° -60® C., and add 1-2 cc. of perhydrol drop- 
wise through the condenser tube. After the first violent reaction is over the con- 
tents of the flask are reheated, until the carbonaceous material is completely oxidized 
and the solution is colorless (in the absence of course of colored salts, as those of 
copper). 

If it is known that the sample contains no chlorides, transfer the solution re- 
sulting from the digestion just described to a beaker, and destroy the excess of 
hydrogen peroxide by the careful addition of a strong solution of potassium per- 
manganate. Then remove the slight excess of permanganate by the addition of a 
few cubic centimeters of a ferrous ammonium sulfate solution, add 10 cc. of con- 
centrated nitric acid, and titrate with an approximately 0.04 N solution of ammonium 
thiocyanate. Calculate the percentage of mercury on the basis that i cc. of 0.04 N 
thiocyanate solution is equivalent to 0.004012 gram of mercury. 

If the sample is known to contain chlorides, the simple process outlined above 
will not suffice, since the chloride ion binds some of the mercury so tightly that it 
cannot be titrated. In this case the mercury should be separated from the chlo- 
ride. The following method is recommended. 

Transfer the acid solution resulting from the digestion with sulfuric acid and 
hydrogen peroxide to a 200 cc. Erlenmcyer flask, dilute it to 20-25 cc., and add concen- 
trated sodium hydroxide solution to alkaline reaction, keeping the solution cool all the 
time. (Mercury will not separate at this point.) Add 15 cc. of 10 per cent formalde- 
hyde solution, mix well, and allow to stand 30 minutes at room temperature (not below 

^ Z. mai. Chem., 74 , 81 (1928). 
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20° C.)* Filter on a 589 blue ribbon paper, or on a glass-filter (the ones marked < 7 
are suitable) under suction. Wash with water until all chlorides have been re- 
moved. Dissolve the mercury in 10 cc. of concentrated nitric acid, transfer it to the 
flask in which the reduction took place, and titrate with standard thiocyanate solu- 
tion in the manner described above. 

It is also stated by the same authors that copper, arsenic, and iron do not in- 
terfere with this method of determining mercury. This is quite fortunate, since 
at times both copper compounds and arsenic compounds are mixed with organic 



Fig 6. — Apparatus for Determination of Mercury liy \'’olatilization. 

mercury seed disinfectants. The copper may cause a little trouble because of its 
color, but suitable dilution will usually overcome that difficulty. 

Volatilization Method , — Practically all mercury compounds are decomposed by 
healing with lime or other basic materials, the mercury being volatilized. This prop- 
erty has been made the basis for numerous methods of estimating mercury in which 
the volatilized mercury is cither condensed in cooled tubes or caught on gold foil, 
or wire, with which it readily amalgamates. F. C. Whitmore* describes one such 
method which appears particularly adaptable to the analysis of seed disinfectants 

‘ Organic Compounds of Mercury, Amer. Chem. Soc. Monograph Scr. Chemical Catalog Co., 

ipai, p. 36$. 
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APPARATUS 

The apparatus, Fig. 6, consists of two flanged crucibles which can be clamped 
mouth to mouth by means of two rings and holding screws. The lower cruci- 
ble is made of iron, the upper of gold, and the opening of the gold one is slightly 
larger than that of the other so that there will be no tendency for the mercury to 
lodge in the joint between the two flanges. The gold crucible is cooled by circu- 
lating water through a large tube attached to it by Gooch tubing. 

DETERMINATION 

Weigh I gram of sample into the iron crucible and mix it intimately with 5 
grams of anhydrous sodium carbonate. Cover the mixture with a thin layer of 
sodium carbonate and then with 10 grams of finely powdered barium carbonate. 
Place the weighed gold crucible in place, clamp the two together, set the iron cruci- 
ble in a hole in a piece of asbestos board, start the cooling water, and gently heat 
the iron crucible. Heat below red heat for 30 minutes, cool, remove the gold cruci- 
ble, wash it with 95 per cent alcohol, dry with the heat of the hand, and then place 
in a calcium chloride desiccator until it attains constant weight. The increased 
weight represents the mercury in the sample. If the sample contains more than 12 
per cent mercury, less than i gram should be used since 0.12 gram of mercury is 
about all that the gold crucible can safely retain. The mercury can be removed 
from the gold crucible preparatory to another experiment by a short ignition at a 
dull red heat. This ignition should be made under a hood with a good draft. 

The residue from the determination may after solution in nitric acid be used 
for the determination of chlorine or other halogen, provided the reagents used are 
halogen free. 



CHAPTER XII 


SOAPS AND HUTEBAL OH EMULSIONS 

SOAPS 

Soaps are used alone to some extent in sprays for certain soft-bodied 
insects and in very large quantities in the preparation of oil emulsions and 
disinfectants. They are also used with other materials such as nicotine, 
quassia, etc., to cause them to spread and stick. 

The soaps most commonly used are those made from fish oil with either 
sodium or potassium as the base and ordinary laundry soap. For the 
formation of emulsions potassium fish oil soap has been found the most 
satisfactory. For soap washes, or for mixing with nicotine or quassia, soda 
fish oil soap or even ordinary laundry soap is often used. 

Preparation of Sample. — Cake Soap , — In the case of samples that can be 
easily disintegrated and mixed, run the entire sample through a suitable chopper. 
With samples that cannot be handled in this way, quarter the cake by cutting at 
right angles in the center and shave equally from all fresh surfaces sufficient soap 
for analysis. Mix and weigh out promptly all portions for analysis. Preserve the 
remainder in an air-tight container in a cool place. 

Liquid Soap . — No preparation other than thorough mixing is necessary. 

Wator.^ — Weigh about 20 grams of the sample into a 300-500 cc, flask; add 50 
cc. of xylene and, to prevent foaming, add about 10 grams of lump rosin. (Do not 
use powdered rosin because it usually contains an appreciable quantity of moisture.) 
Distil into a Dean and Stark type distilling tube receiver* and continue the distilla- 
tion until no more water collects in the receiver. Allow the contents of the tube 
to cool to room temperature, read the volume of water under the xylene in the tube, 
and from this volume calculate the percentage of water in the sample. 

Sodium or Potassium Oxide.^ — Weigh about 5 grams of the sample into a 
platinum dish and ignite until the soap is thoroughly charred. Leach with water 
and filter. Completely ash the filter and residue, take up with water, filter, and 
wash. Titrate the filtrate with standard acid, using methyl orange as the indicator 
Make a qualitative flame test for sodium and potassium and calculate the percentage 
of the alkali in the sample as sodium or potassium oxide, as the case may be. If 
both sodium and potassium are present, determine the potassium by the platinic 
chloride method {Methods of Analysis, A. O, A. C.) and calculate the sodium 
oxide by difference. 


V. Assoc. OMciai Agr^ Chem,, 0 , a8 (19^6). 
* See p. 490. 

®/. Assoc, Official Agr, Chem,, 10 , 157 (1947). 
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Unsaponified Fat or Oil.^ — Dissolve 10 grams of cake soap or 15 grams of 
liquid soap in 70-100 cc. of water and extract with 50-60 cc. of ether. If the two 
liquids do not separate, add a few cubic centimeters of alcohol. Separate the water 
solution and wash the ether with water made slightly alkaline with sodium hydrox- 
ide. Again successively extract the soap solution and washings with ether and 
evaporate the combined extracts to drjmess in a weighed beaker, on a water bath. 
Since many of the hydrocarbon oils are volatile at 100° C. do not continue the drying 
any longer than necessary. 

Fatty Anhydrides. — Transfer the aqueous solutions obtained in the preceding 
paragraph to a separatory funnel, acidify with hydrochloric or dilute sulfuric acid 
(1+3)1 extract 3 times with ether, and successively wash the ether extracts twice 
with water. Combine the ether extracts, evaporate in a weighed beaker on a .steam 
bath, and weigh as fatty acids. From the weight of fatty acids calculate the per- 
centage of soap in the sample as sodium or potassium oleate or the fatty anhydrides 
as oleic anhydride. 

Glycerol.* — Dissolve an accurately weighed sample of the soap equivalent to 
not more than 3.0 grams of glycerol in 200 cc. of hot >vater in a 600 cc. beaker. De- 
compose with 25 cc. of sulfuric acid (1+3). If alcohol is present, volatilize it by 
boiling for 20-30 minutes. Cool, remove, and rinse the cake of fatty acids (if neces- 
sary paraffin may be added to make the fatty acids form a solid cake) ; transfer 
the acid water and rinsings to a 500 cc. volumetric flask, and add about 0.25 gram of 
silver sulfate to precipitate traces of chlorides and soluble fatty acids. Make up to 
volume and mix contents thoroughly. 

Transfer a filtered, accurately measured 50 cc. aliquot of the above solution to 
a 400 cc. beaker, and add 75 cc. of accurately measured potassium dichromate solu- 
tion (containing exactly 74-552 grams per liter) followed by 25 cc. of concentrated 
sulfuric acid (sp. gr. 1.84). Cover with a watch-glass, and oxidize by heating in 
a steam bath for 3 hours. Conduct a check experiment in like manner but use 100 
cc. of water, 25 cc. of sulfuric acid (sp. gr. 1.84), and 25 cc. of accurately measured 
potassium dichromate. 

Cool, and make up the solution to 1000 cc. in a volumetric flask. Determine 
the excess of potassium dichromate by taking a 50 cc. aliquot of the above, adding 
50 cc. of water and 20 cc. of 10 per cent potassium iodide solution, and titrating the 
liberated iodine with o.i N thiosulfate, using starch solution as indicator. Calculate 
the percentage of glycerol (i cc. of the potassium dichromate solution equals 0.0100 
gram of glycerol). Note , — This method is not applicable in the presence of sugars 
or starch. 

Free AlkalL—Dissolve a 10 gram sample in 200 cc. of freshly boiled ethyl 
alcohol of at least 94 per cent strength, neutral to phenolphthalein, and filter. Wash 
the residue on the filter paper with hot, neutral ethyl alcohol. Titrate the filtrate 
with standard acid, using phenolphthalein as indicator. Calculate the alkalinity to 
sodium or potassium hydroxide, as the case may be. 

In the case of fish oil soaps it is sometimes desirable to check the source 
of the fat since fish oils vary to a considerable extent depending on the 

* Adapted from Methods of Analysts, A. O, A. C., 192s, 295. 

2/. Ind. Eng. Chem,, 14 , 1163 (1922). 
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species of fish, season, place of catch, etc. All of them, however, that are 
of the type desirable for fish oil soaps are drying oils, that is, they have 
iodine numbers of from 130 to 200. Following are some iodine values given 
by A. R. Lange^ as the average of a season’s production : 

Oil Iodine number, Wijs 


Crude menhaden oil 

187 

Winter-pressed menhaden oil 

187.5 

Herring oil 

143 

Crude sardine oil 

178.5 

Newfoundland cod oil 

173 


Lange states that tests run in his laboratory indicate that when in the 
Hanus method saturation is continued for 30 minutes, results approxi- 
mately ten points lower than the iodine number (Wijs) will be obtained 
when the latter is 180. Holde- states that menhaden oil has an iodine 
number of 148-160. The iodine number may be determined by either 
the Hanus method"* or the Wijs method.^ For this determination the fatty 
acids separated in the determination of fatty anhydrides are used. The 
iodine number of the fatty acids is usually a little higher than that of the 
fat. 

Rosin often occurs in laundry soap and a rosin fish oil soap is also pre- 
pared for some purposes. The rosin in such soaps may be determined by 
the method of Wolff.* 

MINERAL OIL EMULSIONS 

The oil emulsions used for insecticidal purposes consist of mineral oil 
dispersed in water with the aid of an emulsifier, which is usually soap. 
However, soap emulsions are liable to separate in the presence of hard 
water, and therefore numerous other emulsifiers have been used, among 
which are milk, lime-casein mixtures, glue, bentonite, dextrin and gums. 

Kerosene emulsions were recommended for use against sucking insects 
by A. J, Cook® in 1878. Later, distillate oils were used, and many pro- 
prietary products appeared on the market. The so-called ‘'Government 
formula,” which calls for the use of lubricating oil emulsified by the aid 
of fish oil soap, was suggested by W. W. Yothers® in 1918 and recom- 


*/. Ind. Bng, Chcm., 18 , 9 (1926). 

* Examination of Hydrocarbon Oils. Trans, by Edward Mueller, 1915. 
® Methods of Analysis, A. O, A, C, 

*J, Ind. Eng, Chem., 14 , 1161 (1922). 

*Rpt. Michigan State Board Agr., 1878, 434. 

*U. S. Dept. Agr. Parmer*$ Bull. 933 . 
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mended for use against San Jose scale by Ackerman^ in 1923. Since then 
the use of oil emulsions has increased enormously and at present many 
millions of gallons are used annually. 

Preparation of Sample. — Oil emulsions require no preparation except thorough 
mixing. In case of emulsions that cream out readily care must be taken to keep 
them mixed during the weighing out of the portions for analysis. 

Water.* — ^Weigh about 25 grams of the sample into a 300-500 cc. flask; add 
50 cc. of xylene and, to prevent foaming, add a small piece of rosin. Distil into a 
Dean and Stark type distilling tube receiver* and continue the distillation until no 
more water collects in the receiver. Allow the contents of the tube to cool to room 
temperature, read the volume of the water under the xylene in the tube, and from 
this volume calculate the percentage of water in the sample. This method is ap- 
plicable to practically all oil emulsions and miscible oils except a few of the latter 
that contain small quantities of alcohol. 

Sodium and Potassium Oxides. — Use the same method as described under 
soaps. 

Total Oil.* — Weigh about 10 grams of the sample into a Babcock cream bottle. 
Dilute with about 10 cc. of hot water and add 5-10 cc. of dilute sulfuric acid (i -f- i). 
Set the bottle in a hot water bath for about 5 minutes to hasten the separation of 
the oil, add sufficient saturated sodium chloride solution to bring the oil layer within 
the graduations on the neck of the bottle, whirl at a rate of 1200 revolutions per 
minute for 5 minutes, and allow to cool. Read the volume of the oil layer, de- 
termine its specific gravity, and from these values calculate its weight and percent- 
age. From this percentage value deduct the percentage of fatty acids determined 
separately, to obtain the percentage of oil in the sample. 

This method is applicable to emulsions containing all fractions of mineral oil 
from gasoline to lubricating oil. It is applicable in the presence of soap as an 
emulsifier but not in the presence of gums, casein, dextrin, or other insoluble emul- 
sifiers. 

In the presence of casein and some gums it is possible to determine the oil 
by breaking down the emulsifier with commercial concentrated sulfuric acid and 
determining the oil as in the Babcock method* for fat in cream, the quantity of 
sample and method of calculation being the same as in the method for oil already 
described. 

In the presence of mineral emulsifiers it is sometimes possible to distil off the 
water, separating the oil which goes over with the water and returning it to the 
distillation flask, and then extract the oil from the emulsifier with ether. The ether 
is carefully evaporated, and the residual oil is weighed. 

Soap.*-~Weigh ao grams of the sample into a separatory funnel, add 60 cc, of 
petroleum ether, and extract the mixture once with ao cc. and four times with 10 

* U. S. Dept. Agr. Circ. 263 . 

*/. Assoc. OMctal Agr. Chem., 2, 28 (1926). 

* See p. 490. 

* Mo^hods of Analysis, A. O. A. C. 



MINERAI, Oil. EMUI.SIONS 


565 


cc. of 50 per cent alcohol. Break the emulsion if necessary with i or 2 cc. of a 
strong solution of sodium hydroxide, allowing the solution to run down the side of 
tlie separatory funnel, which is then gently twirled and allowed to stand for a few 
minutes. Draw off the alcoholic layers and wash them successively through petro- 
leum ether contained in two other separatory funnels. Combine the alcoholic ex- 
tracts in a beaker and evaporate on a steam bath to remove the alcohol. Dissolve 
the residue in about 100 cc of water made alkaline with sodium hydroxide. Trans- 
fer to a separatory funnel, acidify with hydrochloric or sulfuric acid, extract three 
times with ether, and wash the ether extracts twice with water. Combine the ether 
extracts, evaporate in a weighed beaker on a steam bath, and weigh as fatty acids. 
From the weight of fatty acids calculate the percentage of soap in the sample as 
sodium or potassium oleate. 

This method is not applicable in the presence of phenols. If phenols are present 
the method may be modified by adding sufficient 25 per cent sodium hydroxide solu- 
tion to the 50 per cent alcohol used to extract the soap from the petroleum ether-oil 
solution so that all the phenols will be dissolved in the alcoholic layer. The alcohol 
is then evaporated off, and the soap and sodium phenates are dissolved in water and 
transferred to a 500 cc. Kjeldahl flask. Sulfuric acid (1+3) is added to free the 
phenols and fatty acids and the mixture is steam distilled until no more phenols 
come over. The fatty acids are extracted with ether, determined and calculated to 
sodium or potassium oleate as previously described. The aqueous distillate is satu- 
rated with salt and extracted with three 40 cc. portions of ether, the ether extracts 
are combined in a tared beaker, the ether is carefully evaporated, and the phenols 
that remain are weighed. In evaporating the ether from the phenols it is well to 
remove the last traces by means of a gentle air blast. The lower boiling phenols 
are somewhat volatile and the evaporation should not be continued any longer than 
necessary. 

Insoluble Emulsifiers. — Owing to the number of emulsifiers of this type and 
their lesser relative importance the analysis of emulsions prepared with them has 
been less carefully studied than in the case of the soap emulsions. However, two 
methods have been used, and they appear to be quite generally applicable. In one 
5-10 grams of the emulsion is diluted with an equal mixture of absolute alcohol 
and anhydrous ether until there is no separation into layers; the mixture is filtered 
through a tared filter; the filter and its contents are washed with the mixture 
of alcohol and ether and then several times with ether, and dried to constant weight. 
In the other method, after the determination of water by the xylene distillation 
method, the emulsifier will be found to have separated in the distillation flask. It 
is transferred to a tared filter by the aid of ether and a stirring rod, washed with 
ether, dried, and weighed as already described. In using this latter method it is 
sometimes found that the emulsifier is sticky and hard to remove from the distilla- 
tion flask ; at other times it has been found that the emulsifier occludes some of the 
oil and produces results somewhat high. In the first method, particularly if the oil 
is high boiling and a high percentage of water is present, it is sometimes difficult 
to get all the oil and water to dissolve in the solvents without using excessive quan- 
tities of them. In such cases it is sometimes possible first to get rid of most of 
the water by adding a larger proportion of absolute alcohol and pouring the top 
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layer through the filter, adding more anhydrous ether to dissolve the oil, and pro- 
ceeding as suggested. 

Testing the Oils. — In the case of the lubrirating-oil emulsions it is often nec- 
essary to determine the properties of the oil. This is particularly desirable because 
there is considerable exi>erimental evidence that the unsaturated oils are much more 
likely to injure foliage than are the saturated oils. The tests usually made are as 
follows : 

Specific Graznty . — Determine at 20° C. by means of a Westphal balance. 

Plash Point and fire Point . — Determine by means of the Cleveland open cup 
tester, A. S. T. M. Method D 92-24, w'hich is described in detail in U. S. Bur. Mines 
Tech. Paper 323 B. 

Volatility . — Weigh approximately 20 grams of the oil into a tared crystallizing 
dish 354 inches in diameter, heat the dish and contents in a constant temperature 
oven at 105° C. for 4 hours, and determine the loss of weight. If a considerable 
quantity of volatile oil, such as gasoline, is known to be present, heat the oil for the 
first hour on the water bath in order to avoid danger of explosion. The type of 
lubricating oil commonly used in such emulsions, however, is not sufficiently vola- 
tile to cause any danger in putting it directly into an electric oven at 105° C. 

Viscosity . — Determine viscosity at 100® F. by means of the Saybolt Universal 
viscosimeter by A. S. T. M. Method D 88-26. 

Solidification . — To test the effect of temperature on the oil determine the cloud 
and pour points by A. S. T. M. method D 97-27 T, which is described in U. S. Bur. 
Mines Tech. Paper 323 B. For some purposes it may be sufficient to cool the oil 
in a lest tube immersed in a salt and ice bath to -5° C. for several minutes and 
note its solidity or fluidity at that temperature. 

Unsnlfonated Residue . — This determination is considered the most important 
indication of the proportion of unsaturated compounds in the oil and thus the most 
important indication of the probability of foliage injury. The method follows. 

With a pipet measure 5 cc. of the oil into a Babcock cream bottle. After pre- 
liminary draining, in the case of heavy oils, to reduce the viscosity warm the pipet 
by drawing it several times through the flame of a Bunsen burner and then drain 
thoroughly. If greater accuracy is desired, the measured charge may be weighed 
and its exact volume calculated from the weight and specific gravity of the oil. Use 
a bottle about 15 cm. long — either the 9 gram 50 per cent or the 18 gram 30 per 
■cent cream bottle. Add slowly 20 cc. of the 38 N fuming sulfuric acid, gently shak- 
ing or rotating the bottle and taking care that the temperature does not rise above 

C., by cooling in ice water if necessary. When the mixture no longer develops 
Feat on shaking, agitate thoroughly, place the bottle in a water bath, and heat at 
60^-65® C. for 10 minutes, keeping the contents of the bottle thoroughly mixed by 
shaking vigorously for a period of 20 seconds at 2 minute intervals. Remove from 
the bath and fill the bottle with concentrated sulfuric acid until the oil rises into the 
graduated neck. Ccntrifugalize for 5 minutes (or longer if necessary to obtain a 
constant volume of the oil) at 1200-1500 revolutions per minute. Read the volume of 
unsulfonated residue from the graduations on the neck of the bottle, and from this 
reading calculate the percentage by volume of the unsulfonated oil. 



CHAPTER XIII 


PLANT PEODUCTS 

Many plants, or products derived from them, have been suggested as 
having insecticidal properties. Meindoo and Sievers^ published a list of 
260 species of such plants and also tested many of the plants. They con- 
cluded that of the 260 plants listed, only about 5 per cent furnishes ma- 
terial for effective insecticides, of which only about half has attained 
any considerable use. 

PYRETHRUM POWDER (INSECT POWDER— PERSIAN 
INSECT POWDER)^' 

Pyrethrum or ^'insect powder’’ consists of the powdered flower heads of 
certain species of chrysanthemum, the one most commonly used being 
Chrysanthemum cincrariacfoiium. The Food and Drug Administration 
of the United States Department of Agriculture recognizes** as insect 
powder an insecticide made from the powdered flower heads of the fol- 
lowing species of chrysanthemum : 

1. Chrysanthemum (Pyrethrum) cinerariac folium (Trev.) Bocc. 

2. Chrysanthemum (Pyrethrum) roseitm Web. and Mohr. 

3. Chrysanthemum marshallii Aschers. (synonym, Pyrethrum 
roseum Bieb.) 

Pyrethrum powder has been in use for more than a century and is a 
very important insecticide. The imix)rtation of insect flowers into the 
United States during 1928 amounted to eleven million pounds, the princi- 
pal sources of supply being Dalmatia and Japan. 

Many substances have been used to adulterate insect powder. Bulletin 
824, cited above, lists more than fifty materials that have been used for 
this purpose. In addition to the powdered stems of the pyrethrum plant, 
which has been the most extensively used adulterant, the following adul- 
terants have been detected in the Insecticide and Fungicide Laboratory 
of the Food and Drug Administration: lead chromate, potassium chro- 
mate, barium chromate, turmeric, sand, leaves of the pyrethrum ])lant, and 
ox-eye daisy flowers (Chrysanthemum Icucanihemum) , 


» U. S. Dept Agr. Bull., IBOl. 

* Much of the information here given is taken from V. S. Dept. Agr. Bull. 884 , by McDon- 
nell, Roark, La^orge and Keenan. 

•Insecticide Decision i. U. S. Dept. Agr., Office Secretary, Aug. 26, 19 it. 
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The presence of other plant tissues cannot be demonstrated satisfac- 
torily by chemical means, and examination by an experienced microanalyst 
is essential. The microscopic examination of pyrethrum is treated fully 
in the bulletin cited. Certain chemical determinations are usually made 
to supplement the work of the microanalyst. These include moisture, 
nitrogen, ether extract, ash, and acid-insoluble ash. 

Moisture. — Weigh 2 grams of the powder in a previously dried and weighed 
moisture dish. Place the cover on very lightly and dry the sample in a water- 
jacketed vacuum oven at a pressure of 5-7 inches of mercury for 5 hours. Cool 
the dish and contents in a desiccator and weigh immediately. Report the percent- 
age loss in weight as moisture. 

Ether Extract 

Reagent, — Anhydrous ether . — Wash commercial ether with two or three suc- 
cessive portions of water, add solid sodium or potassium hydroxide, and allow to 
stand until most of the water has been abstracted from the ether. Decant into a 
dry bottle, add small pieces of carefully cleaned metallic sodium, and let stand until 
there is no further evolution of hydrogen gas. Keep the ether, thus dehydrated, 
over metallic sodium in loosely stoppered bottles. 

DETERMINAtlON 

Transfer the residue from the moisture determination to a Knorr, Soxhlet or 
other extraction apparatus, the flask of which has been dried and weighed. Pour 
about 30 cc. of anhydrous ether into the flask and extract the sample for 16 hours, 
using a heating element not above 100® C. Note the color of the extract at this 
point. 

When the extraction is finished, remove the extraction thimble and replace it 
with a receptacle for recovering the ether if the extraction apparatus used is of a 
type to permit this procedure. Distil the ether from the residue; remove the 
flask from the apparatus; dry for an hour at 100® C., preferably in a vacuum 
oven; cool in a desiccator and weigh. Calculate and report the increase in weight 
of the flask as percentage of ether extract. 

Ash. — Weigh 5 grams of the sample in a weighed platinum dish and ignite 
at a dull red heat in a muffle until most of the carbon is burned off and the ash 
has developed a gray color. Remove the dish from the muffle and pulverize the ash 
with a glass rod flattened on the end. Return the dish to the muffle and heat for 
15-20 minutes or until the last traces of carbon have been burned off. Remove the 
dish from the muffle, cool in a desiccator, and weigh immediately. Report the per- 
centage of residue as ash. 

Acid-Insoluble Ash. — B< 5 ll the ash with 100 cc. of dilute hydrochloric acid 
(i-f 4) for 15 minutes, filter, and wash. Ignite the residue, weigh, and report the 
percentage of residue as acid-insoluble ash. 

Hitrogeu.— “D^Jtermine by the Kjeldahl -Gunning- Arnold method, as described 
under fertilizers, using 2 grams of the powder for each determination. 



pyrethrum powder 


5^ 

Interpretation of the Analytical Eesults. — McDonnell, Roark, LaForge 
and Keenan report analyses of pure insect powder by the methods outlined 
above. They report the following percentages for powders made from 
‘‘closed’’ and “open” flowers: Closed flowers, nitrogen 1.5 to 2.0, ether ex- 
tract 6.0 to 7.5, ash 6.0 to 8.5, ash insoluble in hydrochloric acid 0,08 to 2.0; 
open flowers, nitrogen 1.2 to 1.4, ether extract 5.0 to 7.0, ash 5.0 to 7.0, 
ash insoluble in hydrochloric acid 0.08 to 0.65. 

In the analysis of insect powder the results should come within those 
just quoted. A low percentage of nitrogen is a basis for suspicion that 
the powder has been made from low-grade flowers or that powdered stems 
have been added to it. The color of the ether extract also gives an in- 
dication of the presence of powdered stems. The color of this extract 
from a pure pyrethrum powder is yellow, and a distinct green color is a 
positive indication of the presence of stem powder or other adulterant. 

A low value for the ether extract may ^indicate that the sample con- 
tains powder that has been exhausted of its active principle in the manu- 
facture of pyrethrum extract insecticides. 

The insoluble ash usually is less than i.o per cent and should never 
exceed 2 per cent. 

Active Erinciples of Pyrethruin. — It is only recently that the active con- 
stituents of pyrethrum have been isolated and identified by Staudinger 
and Ruzicka.^ The active principles consist of two closely related com- 
plicated esters to which the names Pyrethrin I and Pyrethrin II^ have been 
given and which have the formulas given on p. 570. 

Staudinger and Harder® were the first to develop methods for the de- 
termination of the pyrethrin content. They proposed two procedures, one 
consisting of the isolation, separation and titration of the corresponding 
mono- and dicarboxylic acids, the other being based upon the determina- 
tion of nitrogen in the crude semicarbazone formed by treating a methyl 
alcoholic extract with semi-carbazide and acetic acid. Tattersfield, Hob- 
son and Gimingham^ modified these methods by shortening the procedure 


*HWv. Chim. Acta,, 7, i77'^S9f 377*458 (1924). 

*Ott and Behr, Bar,, CO B, 2284*7 (1927), have called attention to the fact that the name 
''Pyrethrin'* has long been used to designate the active principle of Radix pyrethri, which is the 
powdered root of anacyolus pyrethrum (Lmnc) de Candolle, and consider that Staudinger and 
Rttzicka sbould not have used this term for the constituents of insect powder. In this chapter 
the terminology of Staudinger and Ruzicka has been followed because it has been used by all 
recent investigators of Chrysanthemum ctnerariaefaltum, 
acad, scu Penmicae, Ser. A, 99, No. 18, 1-14. 

♦/. Agr. f^cL, 19, part 2, 266 (1929). 
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and using a much smaller quantity of sample. They proved that there is a 
close correlation between the results obtained by these methods and 
the toxicity of the samples w'hen tested biologically. 

The total pyrethrin content of the powders from Dalmatia, Switzerland 
and elsewhere examined by Staudinger and Harder varied between 0.25 
and 0.61 per cent. Tattersfield. Hobson and Gimingfaam found from 
0.59 to 1.29 per cent total pyrethrin in their samples, which were prepared 
from flowers grown at various British experiment stations. 

The following are the modified methods used by Tattersfield, Hobson 
and Ginungham. 
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Acid Method . — Extract 10 grams of the ground flower heads or 50 grams of 
the stalk with low-boiling petroleum ether (boiling range below 40° C.) in a Soxhlet 
extractor heated over a carbon-filament lamp. When extraction is complete, evapo- 
rate the petroleum ether to small bulk in a rapid current of carbon dioxide with 
gentle warming and complete the evaporation in a vacuum desiccator. Extract the 
residue successively with four (or in the case of the stalk powder, six) 2.5 cc. por- 
tions of absolute methyl alcohol (free from acid), warming each on the water 
bath. Cool each extraction under the tap, filter through a small wad of fat-free 
absorbent cotton into a long-neck flask of 100 cc. capacity, and finally rinse the ex- 
traction flask with 2.5 cc. of cold methyl alcohol. Treat the clear solution with 
4 cc. of normal sodium hydroxide in methyl alcohol, and boil under a reflux con- 
denser for 6-8 hours, after which evaporate the methyl alcohol under vacuum with 
gentle warming. Use a right-angle tube connection between the condenser and 
flask to prevent spray from being carried over. Do not allow the temperature to 
rise so high that the alcohol condenses in the connecting tube. Rinse the stopper 
and connecting tube, catching the rinsings in the flask, add a little water to bring the 
soaps into solution, add 6 cc. of normal sulfuric acid, and distil the acid liquid with 
steam. (Tattersfield, Hobson and Gimingham used a distillation apparatus .similar to 
the original Pregl micro-Kjcldahl still,* except that the rubber connection with the 
condenser was eliminated so that the glass tube connected directly with a small worm 
condenser and led to a receiver marked at the 50 cc. level.) Collect 50 cc. of dis- 
tillate for the determination of volatile acid and then continue the distillation until 
a further 100 cc. has been collected. Transfer the first 50 cc. distillate to a pear- 
shaped separatory funnel and extract twice with 50 cc. of low-boiling petroleum 
ether, which can be conveniently mea.surcd out in the receiver. Shake vigorously 
during the extraction, and wash each extract with a small quantity of water. Add 
20 cc. of water to the combined extracts, gently evaporate the petroleum ether, and 
titrate the residue with 0.02 N sodium hydroxide solution. Use phenolphthalein in- 
dicator and continue the titration to a distinct pink, which persists for at least i 
minute after shaking. (The acid tends to adhere to the sides of the flask, and it 
is necessary to wash it down with neutralized alcohol.) Calculate the percentage of 
pyrethrin I on the basis that i cc. of 0.02 N sodium hydroxide solution equals 6,60 
mg. of that compound. 

To the hot residue in the flask, which should not exceed 40 cc., add 0.2 gram 
of pure calcium sulfate and let stand overnight in order to clarify the solution. 
Filter the solution into an automatic extractor, using a small wad of cotton, just 
sufficient to give a gentle flow and produce a clear filtrate. Extract with acid-free 
ethyl ether for 8 hours, after which add 20 cc. of water to the ether extract and gently 
distil off the ether. Finally, filter the aqueous layer through a loosely packed wad 
of fat-free cotton, and titrate the dicarboxylic acid with 0.02 N sodium hydroxide 
solution. Calculate the percentage of pyrethrin II on the basis that i cc. of 0.02 N 
alkali equals 3.74 mg. of the pyrethrin. 

Semicarbazone Method . — Completely extract 10 grams of the powdered flower- 
lieads with low-boiling petroleum ether, evaporate the solvent, and extract the resi- 
due from it with absolute methyl alcohol exactly as in the acid method. Filter the 


^Quantitative Organic Micro- Analysis, 96 (1024). 



57 ^ 


AGRICUI^TURAI. ANALYSIS 


extracts successively into a small measuring cylinder and adjust to a volume of lo 
cc. Mix the solution and pipet 4 cc. aliquots into hard-glass test tubes, add 30 mg. 
of semicarbazide hydrochloride and 50 mg. of sodium acetate, and concentrate the 
solution to about 0.5 cc. by inserting a rubber stopper having a capillary tube reach- 
ing to the bottom of the liquid and a side tube connected to a pump, after which 
the test tube is maintained at 25® C. and the alcohol removed by evacuation. The 
side tube should contain a spray trap consisting of a glass bead held in position 
between two constrictions. When the distillation is finished, pour a few drops of 
methyl alcohol into the side tube and so manipulate the apparatus as to wash down 
both the side tube and capillary tube in order to free them from any deposit carried 
up by the spray. Cork the test tube and place it in a bath at 25° C. for 36-48 hours. 
Then evaporate the methyl alcohol to dryness by connecting to a pump and evacuat- 
ing without the use of a capillary. To remove the excess of semicarbazide two 
methods of washing may be employed: 

(a) Add a little ether to the residue and then evaporate to a film by tilting 
and rotating the test tube, keeping it from cooling by warming with the hand. Re- 
move the last traces of ether with a good vacuum. (The film should cover half 
the length of the test tube.) Carefully pour a solution containing o.i per cent acetic 
acid and i per cent sodium acetate into the tube so that the film is completely covered 
and allow to stand for 10 minutes. Then filter the solution through a small plug 
of cotton and rinse the test tube with about 2 cc. of water. Next dissolve the film 
in ether, redeposit it by evaporation of the ether, and again wash. Carry out this 
process three times. Return the small residue remaining on the filter to the test 
tube by pouring through it 2 drops of methyl alcohol and i cc. of ether. Evaporate 
the alcohol and ether in vacuo. Heat 5 cc. of a 15 per cent hydrochloric acid solu- 
tion containing 5 per cent of mercuric chloride and pour through the filter into the 
test tube. 

(b) The alternative and more rapid method of washing is as follows: After 
complete removal of the methyl alcohol, extract the residue twice with 5 cc. of ether 
and pour the ether solution into a small separatory funnel. Wash the residue in 
the test tube four times with 10 cc. of water and filter the washings successively 
through a cotton plug into the separatory funnel. Wash the ether solution with each 
of these washings by gently rotating the funnel, then wash it twice more with 
portions of water, return it to the test tube, and evaporate off the ether. Heat 5 cc, 
of the 15 per cent hydrochloric acid solution containing 5 per cent of mercuric 
chloride, and after loosening the cotton plug use this solution to wash into the test 
tube the insoluble material left in the separatory funnel and the filter. 

From this point the procedure is the same in both (a) and (b). Connect the 
test tube to a small reflux condenser, add a little pumice, and boil the solution for 
7 hours. Then determine ammonia according to the procedure adopted by Pregl in 
his revised micro-Kjeldahl method (loc. cit.). 

Prepare the reagent used in this determination to render the contents of the 
flask alkaline, by diluting a 40 per cent solution of sodium hydroxide with an equal 
volume of a saturated solution of sodium thiosulfate. The latter is necessary for 
the decomposition of the mercury ammonium complex. Use 0,02 N acid to absorb 
the ammonia and 0.02 N alkali for titration. 
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The mixed pyrethrins are present in nearly equal proportions and 350 may be 
taken as the mean molecular weight. Calculate their percentage on the basis that 
I cc. of 0.02 N acid is equivalent to 7.0 mg. of the combined pyrethrins. 

Tattersfield, Hobson and Gimingham commenting on the relative value 
of the two methods make the following statement : 

Whereas the acid method has presented no great difficulty in adapting to a 
small scale technique, the determination of the pyrethrin content by means of the 
semicarbazone required considerable modification. Moreover, the procedure is 
tedious and gives only an approximate estimation of the sum of the two pyrethrins, 
and as pyrethrin I is the main toxic constituent of pyrethrum, there is some objection 
to its use for practical purposes; we have, therefore, only used it to confirm that 
the amounts of the acids are a true measure of the pyrethrin content. 

Tattersfield and Hobson^ have further modified the method for pyre- 
thrin I and claim that the results obtained by this more rapid procedure 
approximate those obtained by the longer method. 

For the determination of total pyrethrins Gnadinger and CorF propose 
the following copper reduction method, which is based on the method of 
Folin’ for the determination of dextrose in blood. 

REACENtS 

(a) Petroleum ether. — 90-99 per cent distilling between 20 and 40° ; maximum 
boiling point, 60°. 

(b) Aldehyde-free alcohol, — Allow 95 per cent alcohol, containing 5 grams of 
m-phenylene-diamine hydrochloride per liter, to stand for 24 hours with frequent 
shaking. Boil under a reflux condenser for at least 8 hours, allow to stand over- 
night and distil, rejecting the first 10 and the last 5 per cent of distillate. Store in 
a dark place in well-filled bottles. 

(c) Basic lead acetate solution. — Dissolve 20 grams of Horne's basic lead acetate 
in sufficient recently boiled water to make i liter. 

(d) Alkaline copper solution. — Dissolve 2.5 grams of purest copper sulfate, 
CuSO^-SHsO, in about 100 cc. of water, warming gently; cool when dissolved. 
Dissolve 5 grams of highest purity sodium potassium tartrate and 7.5 grams of 
purest sodium hydroxide separately in about 100 cc. of cold water. Transfer the 
solutions to a 500 cc. volumetric flask, mix and dilute to the mark. (This solution 
should not be used after it is three days old.) 

(e) Folin*s reagent, — Dissolve 150 grams of sodium molybdate, NaiMoO^.aHsO, 
in 300 cc. of water. Filter through a 15 cm. quantitative filter paper into a i liter 


*/. Agr. Science, 433*437 (i9-*9)- 
»/. Am. Chem. Soc., »1, 3954*64 (i9«9)* 
*J, Biol, Chem,, 07, 357*370 (i9«6). 
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flask and wash with 75 cc. of water. Add o. 1-0.2 cc. of bromine and shake until the 
bromine is dissolved. Let stand for one hour, then add with shaking 225 cc. of 85 
per cent phosphoric acid. Add 150 cc. of sulfuric acid (i volume of concentrated 
acid mixed with 3 volumes of water and cooled). Remove the liberated bromine 
by means of a moderately rapid current of air (the aeration requires about 30 min- 
utes). Finally add 75 cc. of 99 per cent acetic acid, mix and dilute to a volume of 
I liter. 

(f) Standard dextrose solution. — Dissolve exactly i gram of pure anhydrous 
dextrose in water and transfer to a 200 cc. volumetric flask. Add 40 cc. of aldehyde- 
free alcohol, mix and dilute to 200 cc. with water. Transfer 10 cc. of this solution 
to a 250 cc. volumetric flask by means of a pipet, add 210 cc. of aldehyde-free alcohol 
and dilute to 250 cc. with water; 10 cc. of this dilute solution contains 2 mg. of 
dextrose. The strong solution is stable for months; the dilute solution should be 
made fresh each w^eek. 


APPARATUS 

(a) Constant-temperature water bath. — Set at 78° C., corrected, and controlled 
within 0.2°. 

(b) Colorimeter.— Duho^cq or Klett t3^pe, with artificial illuminator. 

(C) Folin sugar tubes' — Blown to contain 15.5 cc. to base of constriction. When 
heated to 78® C. the surface of the liquid must fall within the constricted jiortion of 
the tube. The internal diameter of the constricted portion should be the same foi 
all tubes in a set. 


detkrmination 

Extract 20 grams of ground Pyrethrum flowers (about 30-mesh) for 5 hours 
with petroleum ether in a Soxhlet extractor. Cool the petroleum ether solution to 
about 20® and let stand for at least 30 minutes. Filter through a quantitative filter 
paper into a 400 cc. beaker, add a few grains of ignited sand and evaporate at a 
temperature not exceeding 75® C. As soon as the last traces of petroleum ether are 
driven off, transfer the residue with five or six portions of boiling 95 per cent alde- 
hyde-free alcohol to a 100 cc, volumetric flask (previously marked at the 80-cc. 
point), using sufficient boiling alcohol to make the volume 80-85 cc. To the hot 
solution add from a pipet 15 cc. of basic lead acetate solution and make to the 
mark with hot alcohol. Shake vigorously, cool at once to 20® and again make to 
the mark with alcohol. Filter and to the filtrate add about i gram of anhydrous 
sodium carbonate. Let stand for 15-20 minutes, shaking frequently, and filter. 
Immediately pipet 10 cc. of the clear filtrate into a Folin tube and add, also from a 
pipet, 6 cc. of alkaline copper solution. Mix thoroughly, keeping the solution in the 
bulb of the tube. Measure 10 cc. of standard dextrose solution (2 mg. of dextrose) 
with a pipet into a second tube and add 6 cc. of copper solution. Place the tubes 
upright in the constant-temperature bath, set at 78° corrected, and heat for exactly 
45 minutes. Remove from the bath and place in water at 20® for 3 minutes. Add 
10 cc. of Folin's reagent, from a pipet, and let stand for 3 minutes; then stopper 
the tubes, mix thoroughly, transfer to 100 cc. volumetric flasks and make to the 


*/. Bwf, Chem.. 4X, 372 (1920). 
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mark with water. Filter through a Gooch crucible fitted with a heavy asbestos pad, 
using gentle suction. Do not use filter paper. The dextrose solution need not be 
filtered. Compare the solutions at once in the colorimeter and from the readings 
calculate the dextrose equivalent to the unknown solution in the usual way. Refer- 
ence to Col. 3 of Table II will give the amount of pyrethrins, in milligrams, equiva- 


TABLE II. — Copper Reducing Power op Dextrose and Pyrethrins.’*' 


Pyrethrin 
Dextrose, 1 , 

niR. tng . 

Pyrethrin 

1 and 11 , Dextrose, 
mg tng. 

pyrethrin Pyrethrin 

I, I land II, Dextrose, 

»g. tng. niR. 

pyrethrin Pyrethrin 
I, land 11 , 

mg. msr. 

0.750 

4.87 

S19 

1.475 

907 

9.68 

2.200 

14.31 

15.26 

0.775 

5.01 

5.34 

1.500 

9.23 

9.85 

2.225 

14.52 

15.49 

0.800 

5.14 

5-48 

1.525 

9.39 

10.02 

2.250 

14.73 

1571 

0.825 

5.28 

563 

1.550 

9.55 

10.19 

2.275 

14.95 

1594 

0.850 

5.41 

577 

1.575 

9.72 

10.37 

2.300 

15.17 

16.18 

0.875 

5.55 

5 - 9 ^ 

1.600 

9.88 

10.54 

2.325 

15.40 

1642 

0.900 

5.69 

6.07 

1.625 

10.04 

10.71 

2.350 

15.62 

16.66 

0.92s 

5-82 

6.21 

2. ICO 

13.49 

14.39 

2.825 

20.89 

22.28 

0.950 

5.96 

6,36 

1.650 

10.21 

10.89 

2.375 

15.85 

16.91 

0.975 

6.10 

6.51 

1.675 

10.38 

11.07 

2.400 

16.09 

17.16 

1. 000 

6.24 

6.66 

1.700 

10.55 

11.25 

2.425 

16.33 

17.42 

1*025 

6.38 

6.81 

1.725 

10.72 

n.43 

2.450 

16.57 

17.68 

1.050 

6.52 

6.95 

1.750 

10.89 

11.62 

2.475. 

16.81 

17.9s 

t.075 

6.67 

7.11 . 

1.775 

11.07 

11.81 

2.500 

17.05 

18.19 

1.100 

6.81 

7.26 

1.800 

11.24 

11.99 

2.525 

17.31 

1846 

1.125 

6.95 

7.41 

1.825 

11.42 

12.18 

2.550 

17.58 

18.75 

1.150 

7.10 

7.57 

1.850 

11.60 

12.37 

2.575 

17.85 

19.04 

1.175 

7-25 

7.73 

1.875 

11.78 

12.57 

2.600 

18.11 

1932 

1.200 

7.39 

7.88 

1.900 

11.96 

12.76 

i 2.625 

18.38 

19.61 

1.225 

7.54 

8.04 

1.925 

12.15 

12.96 

2.650 

18.67 

19.91 

1,250 

7.69 

8.20 

1.950 

12.33 

13.15 

2.675 

18.95 

20.21 

1.275 

7.84 

8.36 

1.975 

12.52 

13.35 

2.700 

19.25 

20.53 

1.300 

7.99 

8,52 

2.000 

12.71 

13.56 

2.725 

19.56 

20.86 

1.325 

8.14 

8.68 

2.025 

12.90 

13.76 

2.750 

19.86 

21.18 

1.350 

8.29 

8.84 

2.050 

13.10 

13.97 

2.775 

20.20 

21.55 

1.375 

8.44 

9.00 

2.075 

13.30 

14.19 

2.800 

20.55 

21.92 

1.400 

8.60 

9.17 

2.125 

13-69 

14.60 

2 .8 so 

21.24 

22 65 

1.425 

8.76 

9.34 

2.150 

13.90 

14.82 

2.875 

21.59 

23.03 

1.450 

8.92 

9.51 

1 2.175 

14.11 

15.05 





* Third column calculated for a mixture of equal parts of pyrethrin I and 11 . 


lent to the dextrose found in the unknown solution, or milligrams of p)TethrIns in 
the 2 gram aliquot of flowers taken. 

Gnadinger and Corl make the following comments on their method : 

Blank determinations were run several times each day, or with nearly every set 
of tests. No difficulty was experienced in obtaining blanks equivalent to 0.05 mg. of 
dextrose, and for this reason no correction for the blank was made in calculating 
Table II. Reagents that yield a blank equivalent to more than 0.10 mg. of dextrose 
^otild be rejected. High blanks may be dne to impurities in any of the reagents, but 
the sodium potassium tartrate, sodium molybdate and aldehyde-free alcohol especially 


0 
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should be carefully tested. If the blank is between 0.05 and o.io mg. of dextrose, 
when compared with the standard dextrose solution, the error due to the blank is 
negligible. 

The petroleum ether extract should not be heated longer than necessary to drive 
off the solvent. Generally only 5 or 10 minutes' heating above 60® will be required 
if the petroleum ether meets the specifications given. High-boiling petroleum ether 
should not be used. 

The proportion of alcohol and water in the contents of the Folin tubes is care- 
fully adjusted; if more alcohol is used the copper salts will be precipitated; if the 
percentage of water is increased the pyrethrins will be thrown out of solution. In 
either case incorrect results will be obtained. The Folin tubes should be dried be- 
fore using, and the measurements should be made with pipets. Smaller aliquots 
than 10 cc. can be used for a determination, but sufficient aldehyde- free alcohol 
(86.5 per cent) must be added to the tube to make the total volume of the pyrethrin 
solution 10 cc. Larger aliquots than 10 cc. cannot be used. 

It is essential that the bath be maintained at 78® corrected, ± 0.2°, and a stirrer 
should be provided to insure even temperature and circulation around the tubes, 
which should be immersed to a depth of 8-10 cm. Variations in time of heating or 
in temperature will yield results that are not comparable with Table II. After re- 
moving the tubes from the bath they should be treated as nearly alike as possible; 
therefore it is inadvisable to run more than 3 or 4 tubes at a time. 

In making the color comparisons the standard dextrose is set at 20 mm. The 
unknown will then read between 14 and 50 mm. for quantities between 23 and 5 mg. 
of pyrethrins. If the reading is less than 12 mm., the entire amount of copper may 
have been reduced, and the determination should be repeated with a smaller aliquot. 
It is also desirable, if the reading is more than 40 mm., to run a duplicate determi- 
nation using 40 grams of flowers instead of 20. 

PYRETHRUM EXTRACTS 

The lighter fractions distilled from mineral oil easily extract the active 
principles from pyrethrum, and recently large quantities of such extracts 
have been placed on the market. In addition to these mineral oil ex- 
tracts there are also concentrated alcoholic extracts, sometimes referred 
to as ‘‘oleoresins,” and pyrethrum soaps. 

At present there are no satisfactory chemical methods for analyzing 
these products ; they are evaluated by practical tests against flies or other 
insects. 

It is possible that the methods described under “Pyrethrum Powder’^ 
may be adapted to the determination of the active principle in such prod- 
ucts, but as yet this has not been done,* 

TOBACCO AND ITS PRODUCTS 

Tobacco is another plant that furnishes valuable insecticides, the active 
principle being the alkaloid nicotine. Large quantities of tobacco are used 

) Since this manuscript has been prepare<] such an adoption has been suggested by Vollmar, 
Jnd, Chem, Ami. Ed., 3, 110 (»93i). 
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in powder form, esi)ecially in the preparation of louse |x>wders and also 
to a considerable extent for use on plants. However, the largest use of 
tobacco in the insecticide industry is for the preparation of concentrated 
solutions of nfcotine. These solutions are of two types, one containing 
free nicotine and the other nicotine sulfate. The commercial products 
of both types are usually prepared to contain 40 per cent of the alkaloid. 
The so-called nicotine dusts are made by mixing free nicotine or nicotine 
sulfate solutions with dry carriers, such as infusorial earth, sulfur, gypsum, 
etc. 

The best method for the determination of nicotine is the silicotungstic 
acid method,^ in which the nicotine is steam distilled from a portion of 
the thoroughly mixed sample made alkaline with sodium hydroxide solu- 
tion. The distillate is slightly acidified with hydrochloric acid, and the 
nicotine is precipitated with silicotungstic acid solution. The precipitate 
is filtered off, washed, ignited and weighed as silicotungstic oxide, from 
which the percentage of nicotine is calculated. 

In tobacco powders the ash and acid-insoluble ash may be determined 
by the methods described under “Pyrethrum Powder.'* 

HELLEBORE 

This material, which is the powdered roots of Veratrum album or Veror 
trum viridc, is used as a stomach poison for the control of certain insects, 
notably the currant worm. The active principles are alkaloidals. Dur- 
ing 1928 the imjx)rts of hellebore into the United Stales amounted to 
700,000 pounds. The plants grow in certain parts of the United States, 
but very little is obtained commercially from this source. 

Moisture, Ash, Acid-Insoluble Ash. — Proceed as directed under ‘Tyrethrum 
Powder,** p. 568. 

Total Alkaloids 

REAGENTS 

(a) Chloroform- ether mixture . — Mix i volume of chloroform with 2 volumes 
of ethyl ether. 

(b) Dilute ammonia . — Dilute 10 cc. of concentrated ammonium hydroxide to 
100 cc. with dilute water. 

(c) Dilute acetic acid , — Dilute 2 cc. of glacial acetic acid to 100 cc. with dis- 
tilled water, add 10 cc. of ethyl ether, shake in a separatory funnel, and draw off 
the lower layer for use. 

* Methods of Analysts, A, O. A. ( . 
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(d) Dilute hydrochloric acid . — Dilute lo cc. of strong hydrochloric acid to 
1 liter. 


determination 

Place 15 grams of the well-mixed powdered hellebore in a dry, glass-stoppered 
Erlenmeyer flask of 300 cc. capacity. Add 150 cc. of the chloroform-ether mixture, 
stopper, shake well, and allow to stand 10 minutes. Add S cc. of the dilute am- 
monia water and shake vigorously every 10 minutes for 2 hours. Add 15 cc. of 
water, shake, and allow the pow'der to coagulate; decant the supernatant liquid 
through cotton, collect exactly 100 cc., and evaporate nearly to dryness in a beaker 
on the water bath. 

Digest the residue in the beaker with 20 cc. of the dilute acetic acid, and trans- 
fer to a separatory funnel with the aid of a little water and about 20 cc. of ether. 
Shake thoroughly and collect the aqueous layer in another separatory funnel. Con- 
tinue the extraction with 2 additional portions of acetic acid, 2 of hydrochloric acid 
and I of water, using about 20 cc. each time. Wash the combined aqueous solu- 
tions with 10 cc. of ether, separate carefully into the beaker used for the evapo- 
ration, warm gently to drive off the ether, filter if necessary, and collect the filtrate 
in a separatory funnel. 

Precipitate the alkaloids with ammonia and extract them from the mixture by 
means of chloroform (3 portions of 20 cc. are usually sufficient). 

Wash the chloroform solution with 10 cc. of water and filter it into a beaker, 
previously dried and weighed, carefully washing the filter and the stems of the 
funnels with chloroform. Evaporate it on the water bath ; add a few cc. of alcohol, 
evaporate again, dry at 100° C, for 30 minutes, and weigh. Multiply the weight of 
the residue in grams by 10 to obtain percentage of total alkaloids. 

In addition to the chemical tests here outlined, the sample should be subjected 
to a microscopic examination by an experienced microanalyst. 

The percentage of ash in samples of hellebore prepared from washed or par- 
tially washed loots will vary from 3 to 15 per cent, although the ash in ordinary 
commercial samples may be as high as 25 or 30 per cent. The ash insoluble in 
hydrochloric acid is an index of the quantity of dirt in the product and in clean 
samples should not run over 8 per cent, although many commercial samples will 
contain as high as 20 or 25 per cent. The alkaloids will vary from 0.5 to 3.0 per 
cent, but will average about i.o per cent. 

LARKSPUR EXTRACTS 

Larkspur extracts are largely used for the control of head lice and usu- 
ally are prepared from the seeds of Delphinium consolida. However, a 
similar product is prepared from the seeds of Delphinium staphisagria, and 
some of the products on the market are extracts of mixtures of these 
seeds. The active principles of these extracts are considered to be the 
alkaloids, of which there are several. As they occur on the market these 
products contain, in addition to the alkaloids^ alcohol, water and frequently 
acetic acid and glycerine. 
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Preliminary Determinations.— Note the color and odor of the solution, and 
determine its specific gravity. 

Total Solids.— Evaporate 10 cc. of the sample to dryness in a platinum dish 
and dry for 2 hours at the temperature of boiling water. Cool and weigh. Cal- 
culate and report the residue as percentage of total solids. 

Ash . — Ash the residue of total solids at a low red heat, cool, and weigh. Cal- 
culate and report as percentage of ash. 

Alcohol. — In the absence of acetic acid, pipet a 25 or 50 cc. aliquot (depending 
on the proportion of alcohol present as shown by the specific gravity of the sample), 
into a 2 C 0 cc. side-neck flask, add about 100 cc. of water, and distil into a 100 cc. 
volumetric flask until the distillate nearly reaches the mark. Make to volume and 
determine the specific gravity of the distillate. From the specific gravity calculate 
the percentage of alcohol from the table.’ 

In the presence of acetic acid, add sufficient sodium hydroxide solution to hold 
the acetic acid, and pnKeed as just described. 

Acidity.— dilute 10-25 cc. of the sample according to the proportion of acetic 
acid present and the color of the sample, to about 150 cc. and titrate with 0.2 N 
sodium hydroxide solution, using phenolphthalein as indicator. Calculate and report 
as percentage of acetic acid. 

Glycerol 

REAGENTS 

(a) Milk of lime. — Slake 15 grams of calcium oxide with water and dilute to 
100 cc. 

(b) Absolute alcohol-anhydrous ether mixture. — Mix 2 volumes of absolute 
alcohol with 3 volumes of anhydrous ether, 

determination 

Evaporate 20-50 cc. of the aqueous solution in a porcelain dish to a volume of 
about 10 cc. Treat the residue with about 5 grams of fine sand and 4-5 cc. of milk 
of lime for each gram of total solids present, and evaporate almost to dryness. 
Treat the moist residue with 50 cc. of alcohol, 90 per cent by volume; remove the 
substance adhering to the sides of the dish with a spatula ; and rub the whole mass 
to a paste. Heat the mixture on a water bath, with constant stirring, to incipient 
boiling and decant the liquid through a filter into a small flask. Wash the residue 
repeatedly by decantation with lo cc. portions of hot go per cent alcohol until the 
filtrate approximates 150 cc. Evaporate the filtrate to a sirupy consistency in a 
porcelain dish on a hot, but not boiling, water bath ; transfer the residue to a small 
glass-stoppered, graduated cylinder with 20 cc. of absolute alcohol ; and add 3 por- 
tions of lo cc. each of anhydrous ether, shaking thoroughly after each addition. Let 
stand until clear, pour off through a filter and wash the cylinder and filter with the 
mixture of absolute alcohol and anhydrous ether, also pouring the wash liquor 
through the filter. Evaporate the filtrate to a sirupy consistency, dry for an hour 
at the temperature of boiling water, weigh, ignite, and weigh again. Calculate the 
percentage loss in weight and report as percentage of glycerol. 


> Methods of Analysis » A. 0. A. C, 
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Total Alkaloids. — Method I 


REAGENTS 

(a) Wagner's reagent. — Dissolve 2 jjrams of iodine and 6 grams of potassium 
iodide in a very small quantity of water and dilute to 100 cc. 

(b) Approximately 5 per cent sulfuric acid. — Pour 29 cc, of concentrated sul- 
furic acid into several hundred cubic centimeters of water contained in a liter volu- 
metric flask and dilute to the mark. 

(C) Sodium hydroxide solution. — Dissolve 450 grams of sodium hydroxide in 
water and dilute to i liter. 


determination 

Evaporate a 20-25 cc. portion of the sample in a small dish on a steam bath or 
in a current of air until all alcohol is expelled. Transfer to a 200 cc. separatory 
funnel, add an excess of strong .sodium hydroxide solution, and extract 3 times with 
chloroform, using 15 cc. for each extraction. To test the solution for alkaloids, 
remove several cubic centimeters with a glass tube, acidify with sulfuric acid, and 
add Wagner’s reagent. A dark brown precipitate indicates alkaloids. If this test 
shows alkaloids to be present, add just sufficient sodium thiosulfate to redissolve the 
precipitate, return the solution to the separatory funnel, and continue the extraction 
to completion. 

Extract the chloroform solution containing the alkaloids (and impurities) with 
5 per cent sulfuric acid, using ia-15 cc. each time, until the extract gives no test 
with Wagner’s reagent. Five extractions are usually sufficient to remove all the 
alkaloids. Make the acid solution alkaline with excess of sodium hydroxide solu- 
tion and extract with three 15 cc, portions of chloroform. (If the chloroform solu- 
tion resulting from the first .series of extractions is free from color it is probably 
unnecessary to further purify it by the sulfuric acid and second chloroform ex- 
tractions just de.scribed.) 

Wash the chloroform extracts once with 5-10 cc. of water and then filter into 
a weighed beaker. Wash the separator and funnel well with chloroform, add to 
the extract in the beaker, and evaporate to dryness on a steam bath or in a current 
of air. Add a few cubic centimeters of alcohol and again evaporate to dryness. 
Continue the drying at 100° C. for 10 minutes, cool, and weigh. The alkaloid resi- 
due should be free from color. From this weight calculate the percentage of alka- 
loids. 

Notes on Method L — It is necessary to remove alcohol if present, other- 
wise a certain quantity of alkaloids will always be held back in the aqueous 
liquid. In the analysis of larkspur preparations heat should be avoided 
as much as possible because the alkaloids are easily decomposed. A large 
excess of sodium hydroxide is necessary to effect complete liberation of 
the alkaloids. Ammonia should not be u.sed for this purpose. The first 
chloroform extract contains various impurities, and the extraction with 
sulfuric acid separates the alkaloids from this extraneous matter. It is 
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recommended that the analysis be carried along without interruption after 
the extractions are begun since decomposition occurs on standing, especi- 
ally in alkaline solution. 

Method II {Rapp*s Methody 

REAGENTS 

(a) Sodium sulfate . — Crystallized salt. 

(b) Plaster of Paris. 

The other reagents are described under Method I. 

DETERMINATION 

Evaporate a 20 or 25 cc. aliquot of the sample to about 5 cc. and transfer to a 
4 ounce wide-mouth bottle; wash out the evaporating dish and add the washings 
to the solution in the bottle. The volume of sample and washings should not ex- 
ceed 15 cc. 

Add 2 grams of sodium sulfate, then sodium hydroxide in excess, 25 cc. of 
chloroform, and 15 grams of plaster of Paris; stopper the bottle and shake vigor- 
ously for 5 minutes. Add 10 grams more of the plaster of Paris and shake until 
the chloroform separates from the emulsion. If necessary, continue to add plaster 
of Paris in 5 gram portions and shake until separation occurs. 

Decant and save the chloroform and then wash out the Iwttle in the following 
manner: Add 10 cc. of chloroform, shake for i minute, decant the chloroform, 
and add it to the first chloroform extract. Again add 10 cc. of chloroform and 5 
grams of plaster of Paris and shake. At this point the mass, which has previously 
clung to the wall of the bottle, should fall away and form numerous balls. If this 
does not occur, continue to add plaster of Paris in 5 gram portions with shaking 
until it does occur. 

Continue the addition and decantation of chloroform once or twice more, or 
until all the alkaloids are removed. From this point proceed as directed in method 
I, beginning with “Extract the chloroform solution containing the alkaloids and 
impurities with sulfuric acid.’^ 

Notes on Method II , — Method II has a wide range of application. K is 
especially valuable for the determination of alkaloids in extracts of lark- 
spur that form troublesome emulsions. Its chief virtue is that it effects 
a separation of immiscible solvents that ordinarily would be difficult or 
impossible. The plaster of Paris at first forms an emulsion with the 
chloroform; the emulsion is then broken by the addition of further quan- 
tities of this reagent, which holds the water and extraneous matter, while 
the chloroform takes out the alkaloids. 


^ Pharm. Zig.» 08 , 8 oi (1940). 
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The original aqueous volume is kept down to 15 cc. in order to avoid 
the use of excessive quantities of plaster of Paris, and the sodium sulfate 
retards the setting of this material. 

DERRIS 

Derris is widely known as a powerful East India fish poison, and it is 
coming into quite extensive use as an insecticide. Mclndoo, Sievers and 
Abbott^ tested several species of derris and found the species Derris cUip- 
tica and Derris uliginosa to be very effective against certain types of in- 
sects. The powdered roots or the extracts prepared from them act as 
contact and stomach poisons. 

According to present information derris derives its activity mainly from 
rotenone (sometimes called tubatoxin), which is a white crystalline sub- 
stance having the empirical formula and a melting point of 163^ 

C. It also contains other toxic substances, but their toxicity is much less 
than that of rotenone. 

Very little work has been done on the determination of rotenone in 
derris root. The following method has been suggested by Roark 

Extract 50-100 grams of root (ground to pass a 20-mesh sieve) with ether for 
8 hours in a Soxhlet extractor. Concentrate the extract to about 25 cc. in a 
125 cc. beaker-flask. Wash the original container with small portions of ether, 
using a maximum of 25 cc. Add these washings to the extract and again concen- 
trate to about 25 cc. Stopper the fla.sk with cotton and set the solution aside for a 
day to allow the rotenone to crystallize. (Crystallization may be hastened by scratch- 
ing the inside of the vessel. If the extract evaporates to a gummy consistency 
with no sign of .separation of crystals, the addition of a small quantity of ether 
often aids crystallization.) 

Filter through a hardened filter in a weighed Gooch crucible, wash with 10 cc. 
of ether in small portions, dry the residue at 105° C. for 30 minutes, and weigh as 
rotenone. If an appreciable quantity of rotenone is present, it will usually separate 
readily and when washed it is white and of a high degree of purity. 

DERRIS PREPARATIONS 

At present no satisfactory methods are available for the analysis of com- 
mercial preparations containing derris extract. The nearest approximation 
is to extract the rotenone, resins, and unsaponifiable material by means of 
ether, evaporate the ether to small volume, and then precipitate the roten- 
one along with some resin from the other unsaponifiable products by the 
addition of petrdeum ether. The precipitate is filtered off, washed once 
with petroleum ether, then dried at 105^ C., and weighed. 

*/, Agr, Heseafcht 17 , 177 (1919). 

Agr, 18 , 455 (1930). 

»/. Chim. Soc* 88, 1367 (1903). 



CHAPTER XIV 


COAL TAS PEODUCTS 

Numerous coal tar products are used as insecticides and disinfectants. 
The most important, both on the basis of total quantity used and total 
value, is creosote oil, which is used mainly as a wood preservative and also 
against chicken mites and certain other insects. Anthracene oils, sometimes 
referred to as ‘‘carbolineums/' are used for much the same purposes as 
creosote oils. 

Emulsions made from creosote oils or crude carbolic oils, rosin soap and 
water, known as coal-tar creosote dips, have been used against some of 
the parasitic insects of domestic animals. On account of their question- 
able value as a means of control and l)ecause there is danger of injury to 
the animals, particularly when u.sed with hard water, they are not used 
for this purpose now as much as formerly. 

Kerosene-cresylic acid mixtures have been used as contact insecticides 
against such household insects as roaches and bed bugs. Naphthalene has 
long been known as an effective control for moths and, more recently, par- 
adichlorobenzene has come into use for the same purpose. This latter 
product has also been found to be a very efficient soil fumigant for use 
against the peach borer, and more than half a million pounds are used 
annually for this purpose. 

Phenol (C(,H„OH) is one of the very oldest disinfectants and is still 
used to a large extent. Liquor cresolis compositus and products similar 
to it, which are often sold as ‘‘saponified cresol solutions’" or under trade 
names, have a wide field of application. Some that are made from special 
types of tar acids are much more powerful as disinfectants than phenol. 

Emulsifying coal tar disinfectants also occupy an imix)rtant place since 
they can be made cheaply and are used where it would not be practicable 
to ^pply a more exi>ensive preparation. Crude carbolic acid is also used to 
some extent as a disinfectant, but its usefulness is rather limited because 
it is not miscible with water. 


PHENOL 

Phenol (CeHuOH), commonly called carbolic acid, was originally re- 
covered solely from the “carbolic oil” obtained in the distillation of coal 
tar, but now it is also manufactured synthetically from benzene. Pure 
phenol melts at 40*8° and boils at 182.6® C. The U. S. Pharmacopeia 
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recognizes two phenolic products, the crystallized substance containing not 
less than 98 per cent of phenol and ‘‘liquefied phenol” obtained by adding 
10 per cent of water to the crystallized product. The only determinations 
made on these products are the melting point in the case of the crystallized 
material and the phenol content in the case of liquefied phenol. 

Melting (Congealing) Point. — Determine as directed on p. 483. The ob- 
served temperature should not be below 39° C. 

Phenol Content. — Applicable to phenol or liquefied phenol. 

REAGENTS 

-(a) o.i N bromate solution. — Dissolve 3 grams of potassium bromate and 50 
grams of potassium bromide in water, dilute to i liter, and standardize against the 
O.I N thiosulfate solution as follows; Transfer a 30-40 cc. aliquot to a glass-stoppered 
flask and add 5 cc. of hydrochloric potassium iodide solution. From this point pro- 
ceed as described under “Determination.” 

(b) O.I N thiosulfate solution. — Prepare as directed on p. 535. 

(C) Potassium iodide solution. — Dissolve 20 grams of potassium iodide in water 
and dilute to 100 cc. 


DETERMINATION 

Dissolve about 1.5 gram of sample, accurately weighed, in sufficient distilled 
water to make 1000 cc. Transfer an aliquot portion of this solution, containing from 
0.038 to 0,041 gram of phenol, to a 500 cc. glass- stoppered flask having a long 
narrow neck, add 30 cc, of 0.1 N bromate solution and 5 cc. of hydrochloric acid, 
and immediately insert the stopper. Shake the flask repeatedly during 30 minutes, 
allow it to stand for 15 minutes, remove the stopper just sufficiently to introduce 
quickly 5 cc. of the potassium iodide solution, being careful that no bromine vapor 
escapes, and immediately stopper the flask. Shake the latter thoroughly, remove the 
stopper, and rinse it and the neck of the flask with a little distilled water, so that 
the washings may flow into the flask ; then add i cc. of chloroform, shake the mix- 
ture well, and titrate with 0.1 sodium thiosulfate, using starch as an indicator. 
Each cubic centimeter of 0.1 N bromate solution corresponds to 0.001568 gram of 
C.H.OH. 


Phenol in the Presence of Other Tar Acids. — The method of determining 
phenol by broniination is not applicable in the presence of cresol or other 
higher homologs of phenol, because they also absorb bromine. The cre- 
sols are said^ to absorb two atoms of bromine in the cold, and on 
this basis a method has been worked out for determining phenol and 
cresols in mixtures. However, when phenol is present with other coal tar 
acids, their nature is usually unknown and therefore the method is not 

* Jarvinen, Z. anal, Chem,, 71 , io8 (1927). 
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generally applicable. Since the passage of the Federal caustic poison act. 
it has been necessary to determine the actual phenol (CyH^OH) in such 
mixtures. Chapin^ has suggested a colorimetric method based on the color 
formed with Millon’s reagent. This has been found to be applicable to 
such pi'oducts as crcsol, liquor cresolis compositus, saponified cresol solu- 
tion, emulsified coal tar disinfectants, crude carbolic acid and kerosene 
phenol solutions. The principal interfering substance is methyl sali- 
cylate, which is very frequently a constituent of the commercial kerosene 
phenol insecticides. The method follows. 

REAGENTS 

(a) Dilute nitric acid. — Blow air throuRh strong nitric acid until it is colorless, 
then dilute i volume of this acid with 4 volumes of water. 

(b) Mill on* s reagent* — Treat 2 cc. of mercury in a 200 cc. Erlenmeyer flask 
with 20 cc. of strong nitric acid. Place the flask under a hood and after the first 
violent reaction is over, shake as much as necessary to effect subdivision of the 
mercury and maintain action. After about 10 minutes, when the action has prac- 
tically ceased, even in the presence of undissolvcd mercur>', add 35 cc. of water. 
If basic salt separates, add sufficient dilute nitric acid to dissolve it. Next add a 
10 per cent solution of sodium hydroxide dropwise with thorough mixing until the 
curdy precipitate following a single drop no longer redissolves but disperses to an 
evidently permanent turbidity. Then add 5 cc. of dilute nitric acid and mix well. 
The solution deteriorates and should not be used later than the day following the 
day of preparation. 

* (Millon solution is dangerously poisonous and should not be transferred with 
an ordinary pipet and mouth suction unless a protective trap of some kind is used). 

Standard phenol. — Prepare a stock solution by dissolving a weighed quantity 
of the pure substance possessing a congealing point of not lower than 40"* C., 
in a sufficient quantity of water to make not less than a i per cent solution. From 
this stock solution make a 0.025 per cent solution of phenol in distilled water. This 
second solution constitutes the final standard, and it should be prepared on the 
day of use. 

Dilute formaldehyde solution — Dilute 2 cc. of the commercial 37 per cent solu- 
tion to 100 cc. with distilled water. 

APPARATUS 

Nessler cylinders. — 50 cc. tall form, matched. 

Test tubes. — About 180 by 20 mm. provided with rubber stoppers and marked 
at 25 cc. A file scratch will serve to mark the lest tubes. 

Bath. — For heating the test tul)es. This may be extemporized from a beaker 
containing a disk of wire gauze raised somewhat from the bottom. 

determination 

Weigh by difference about 2.5 grams of commercial cresol or 5 grams of a saponi- 
fied cresol preparation into a 250 cc. volumetric flask and make to the mark with 


* U. S. Dept. Agr. Bull. X308. 
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water. (In products consisting largely of kerosene the latter will form a separate 
layer. This layer has been found to retain very little phenol, and it is preferable 
to bring the water level to the mark on the flask and take aliquots from the aqueous 
portion only.) 

Transfer a 5 cc. aliquot of the solution to a 200 cc. volumetric flask shortly 
before the determination is to be carried out, dilute to about 50 cc., add one drop 
of methyl orange indicator and then dilute nitric acid until the solution is practically 
neutral, make to the mark and mix well. In the case of saponified cresol solu- 
tions, use about 5 grams and dilute in a similar manner. 

Place 5 cc. of the diluted solution in each of two of the graduated test tubes, 

and in each of two additional test tubes place 5 cc. of the standard phenol solu- 

tion. Next flow S cc. of the Millon reagent down the side of each tube, mix, and 
place the tubes in a bath of boiling water; continue the boiling for exactly 30 min- 
utes; cool immediately and thoroughly by immersion in a bath of cold water for at 
least 10 minutes, and then add 5 cc. of the dilute nitric acid to each tube. 

After brief mixing add 3 cc. of the dilute formaldehyde to one of each pair 

of tubes, adjust the contents of each tube to the 25 cc. mark with water, stopper, 

shake well, and then put aside to stand overnight. The next day the tubes to which 
formaldehyde has been added will have faded to a yellow, while the others will 
show an orange or red tint. 

Pipet 20 cc. from each of the two phenol tubes and transfer to 100 cc. volu- 
metric flasks, treat each with 5 cc. of the dilute nitric acid, make to the mark, 
and mix. The red flask contains the “phenol standard,^^ and the yellow flask the 
“phenol blank.” Transfer these phenol solutions to burets. Pipet 10 cc. of each 
sample solution into Nessler tubes. The orange constitutes the “unknown” and 
the yellow the “sample blank,” and each Nessler tube must be distinctly marked to 
avoid confusion. Next add to the “sample blank” a measured quantity of “phenol 
standard” from its buret and add the same volume of “phenol blank” to the un- 
known; thoroughly agitate, aided by the insertion of rubber stoppers if necessary, 
and compare the colors. WTien the tubes have been brought directly to a match 
calculate the percentage of phenol on the basis that each cubic centimeter of the 
phenol standard employed is equivalent to i per cent if a 5 gram sample was used. 

Chapin mentions the following precautions. — A pair of phenol tubes 
affords sufficient final solutions for assaying several unknowns, but all the 
latter must have accompanied the phenol solutions throughout the entire 
process with identical reagents and treatment. If the end point has been 
inadvertently overrun it is possible to work back to it ; but, since mistakes 
are easy to make in this procedure, it is better to repeat the comparison 
on fresh portions from the original tubes. Too much delay in matching 
the tubes must be avoided once the titration has been started since the 
excess of formaldehyde yet present in the blanks may have time after 
mixture to affect the intensity of the red color. 

It may be noted that the quantity of the phenols entering a single test^ 
about 1.25 mg., is much less than the 4 mg. recommended in the original 
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paper. It was then shown that the method gave distinctly low results, 
supposedly owing to the effect of formaldehyde. Later investigations 
have indicated the low results to be, in fact, primarily due to the adsorption 
of higher homologs of phenol. As the concentration of the total phenols 
in the sample is reduced, these precipitates become of less significance 
and the results for phenol approach the theoretical. 

Phenol in Presence of Other Tar Acids and Salicylates. — In speaking 
of the method for the estimation of phenol just described Chapin’ says 
that salicylic acid and beta-naphthol obviously invalidate the test. Methyl 
salicylate will be present in some products, such as fly sprays, in which 
it is desired to estimate phenol. If the i)henol is determined by the previous 
method, the results will very likely be high. However, the following 
methods have been found capable of satisfactorily separating the salicylate 
previous to the estimation of phenol. 

Kerosene method , — The reagents and apparatus arc described under die pre- 
ceding methtxl. To 10 cc. of the sample add 50 cc. of kerosene, and extract with 
three successive portions of water. Combine the aqueous extracts and filter them 
through a wet filter into a 500 cc. volumetric flask. Make to volume, mix, and 
proceed by the method described on p. 585, beginning with “Transfer a 5 cc. aliquot 
of the solution to a 200 cc. volumetric flask.*’ 

Saponifieation method . — Use reagents and apparatus described under the pre- 
ceding method. 


determination 

To a weighed sample of approximately 20 grams contained in an Erlenmcyer 
flask equipped with an air condenser add 30 cc. of Q5 per cent ethyl alcohol and a 
few grams of potassium hydroxide. Heat on the steam bath for 1-2 hours to 
saponify the methyl salicylate. Transfer to a beaker and continue heating on the 
steam bath until the alcohol is completely expelled. Add water and extract three 
times with ether. Reject these ether extracts, acidify the aqueous layer with sul- 
furic acid to liberate the phenols, and again extract three times with ether. Com- 
bine the ether extracts and extract them twice with a saturated aqueous solution 
of sodium bicarbonate and twice with water. The bicarbonate combines with and 
removes the salicylic acid, but does not affect the phenol, which is left with the 
ether. Evaporate the ether to small bulk (it is not necessary to remove all the 
ether) and transfer the residue to a liter volumetric flask. Fill the flask to the 
mark with water, mix the contents, and determine the phenol by the preceding 
method, beginning with ‘‘Transfer a 5 cc. aliquot of the solution to a 200 cc. volu- 
metric flask ♦ ♦ ♦ 


*/. Ind, Bng, Chem,, 18 , 771 ( 2920 ). 
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LIQUOR CRESOLIS COMPOSITUS 

Liquor Cresolis Compositus, or Compound Solution of Cresol, is a Phar- 
macopeia product made from cresol, linseed oil soap and water. It is one 
of the most common disinfectants used in hospitals, around dwellings in 
cases of infectious diseases, and as a general disinfectant. It is more 
effective as a disinfectant than phenol and is miscible wdth water in all pro- 
portions. 

CresoP 


REAGICNTS 

(a) Kerosene — commercial kerosene with one-tenth its volume of 15 
per cent sodium hydroxide solution, and wash with water until free from alkali. 

(b) Sodium hydroxide solution. — Dissolve 15 grams of sodium hydroxide in 
water and dilute to 100 cc. 

(C) Sulfuric acid — Make a mixture of 27 cc. of concentrated sulfuric acid and 
46 cc. of water. Determine the strength of this solution, and if it does not fall be- 
tween 49 and 51 per cent H..SO4, adjiust it. 

(d) Anhydrous copper sulfate.— crystallized copper sulfate in a muffle 
until it is of a uniform light gray tint. 

APPARATTrS 

(a) DistiUiny bulb. — Use a 200 cc. distilling flask having at approximately the 
center of the neck an outlet tube inclined at an angle of from 70'’ to 75” with the 
lower portion of the neck. The length of the neck should he from 10 to 12 cm. 
and its inside diameter from 18 to 24 mm. The length of the outlet tube should 
be from 10 to 12 cm, and its inside diameter from s to 6 mm. 

(b) t 'ondeuser, — Use a straight glass condenser having a water jacket 40-60 
cm. in length, the distance from the upper end of the water jacket to the neck of 
the bulb being from 18 to 25 cm. 

(c) Thermometer. — Preferably an accurately standardized thermometer of the 
Anschiitz type. 

(d) Asbestos board. — piece of asbestos l)oard 12-15 cm. square and from 
3 to 5 mm. in thickness, having a circular hole 25 mm. in diameter in its center for 
the reception of the bulb. The edge of the asbestos around the hole should fit 
closeb" to the bulb when the latter is set into it. 

DETERMINATION 

Mix in a 500 cc. distilling flask 50 cc. of compound solution of cresol, accu- 
rately measured at 25'' C., with 150 cc. of kerosene that has been shaken with about 
one-tenth its volume of 15 per cent sodium hydroxide solution and then washed 
with water until free from alkali. Add 3 grams of sodium bicarbonate and distil 
through an upright condenser at the rate of not more than two drops per second, 
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until the distillate conies over strongly yellow, receiving the distillate in a 250-300 
cc. separatory funnel. Discard the lower aqueous layer, shake the kerosene layer 
with 10 cc. of the 50 per cent sulfuric acid and allow to stand for 2 hours; then 
draw off the acid layer completely and discard it. Add to the kerosene layer 40 cc. 
of the sodium hydroxide solution, accurately measured at 25° C., and shake well 
for 5 minutes; then allow to stand until complete separation has taken place, and 
draw oflF the sodium hydroxide layer into a graduated cylinder. Shake the kero- 
sene layer again with a fresh portion of 20 cc. of the sodium hydroxide, accurately 
measured at 25° C. ; allow the two layers to separate completely; and again draw 
off the sodium hydroxide layer into the graduated cylinder. Adjust the sodium 
hydroxide solution in the graduated cylinder to a temperature of 25° C. and note 
the volume. The difference between the volume noted and the total volume of 
sodium hydroxide solution used represents the volume of cresol present in 50 cc. 
of compound solution of cresol. This difference for a U. S. P. product .should be 
not less than 23 cc. and not more than 26 cc. 

Transfer the sodium hydroxide solution of the cresol obtained as above to a 
separatory funnel and add sufficient hydrochloric acid to render the solution dis- 
tinctly acid. Allow the cresol to separate completely and draw off the lower aque- 
ous layer. Wash the cre.sol with several successive portions of 20 cc. each of a 
saturated aqueous solution of sodium chloride until the washings are neutral or 
only slightly acid; then add to the washed cresol about 5 grams of the freshly de- 
hydrated copper sulfate, shake gently at frequent intervals during 3 hours, and 
allows to stand overnight. The cresol decanted from the copper sulfate should meet 
the distillation requirements for cresol when determined by the following method:’ 

Place the distilling bulb described under apparatus in an upright position in the 
perforation in the asbestos board and connect it with the condenser. The outlet 

tube is to extend from 25 to 35 mm. into the condenser beyond the connecting 

stopper. 

Measure the recovered cresol to l)e tested, note the temperature of the liquid 
and transfer it as completely as possible to the distilling bulb. Use the same cylin- 
der as the receiver for the distillate without rinsing out any of the adhering liquid. 
Insert the thermometer through a stopper so that its lower end is 2-3.5 cm below 
the center of the orifice of the outlet tube and heat with a Bunsen burner pro- 
tected from drafts until the liquid begins to boil; then distil at the rate of 4-5 cc. 

per minute, collecting the portion which comes over between 195® and 205° in the 
same cylinder which was used in measuring the cresol. Bring the distillate to the 
same temperature at which the cresol was originally measured and note the volume. 
It should be at least 90 per cent of the original. 

This method for total cresols is easy to carry out and quite accurate 
when applied to a product containing U. S. P. cresol. However, in the 
assay of preparations in which a considerable portion of the lower boil- 
ing phenols is present low results are obtained, due apparently to solution 
of phenols in the aqueous layer from the original distillation. To correct 
for this the aqueous layer and the acid wash water should be combined 

* U. S. Pharmacopeia X. 433. 
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and extracted with ether. The phenols recovered in this way, amounting 
to from I to 2 cc., indicate an error in the method when applied to such 
preparations of from 2 to 4 per cent. 

U. S. P. compound solution of cresol should be made from U. S. P. 
cresol, but coal tar acids distilling somewhat higher or lower than cresol 
may be purchased at much lower prices than cresol, and they are some- 
times used as substitutes for it. Soluble diwsinfectants made from such 
tar acids have properties quite similar to those of compound solution of 
cresol and are generally even more effective as disinfectants. Under such 
conditions there is considerable tendency to put an adulterated article on 
the market which, of course, constitutes unjust competition for the honest 
manufacturer. It is for this reason that the distillation test has been added 
to the Pharmacol )eia assay. In the method here suggested 5 grams of de- 
hydrated copper sulfate has been substituted as the drying agent for the 
cresol in place of the 5 grams of ignited potassium carbonate recommended 
by the Pharmacoi)eia, since (irifbn' has shown that the potassium car- 
bonate reacts to some extent with the cresol and therefore is not a satisfac- 
tory drying agent. The dehydrated copper sulfate has been found fairly 
satisfactory for the purpose even though it does not remove the last traces 
of water. 

After the cresol has been dried the mixture of cresol and copper sulfate 
may be centrifugalized before the cresol is poured off. This will usually 
result in a somewhat better yield. In practice it has been found that about 
18 cc. of cresol will be recovered from each determination. This is a 
rather small quantity to distil in a 200 cc. distillation bulb, and a 25 cc. or 
50 cc. bulb would seem to be preferable. However, since the former is 
prescribed by the Pharmacopeia it must be used. Actual tests have shown 
that a true cresol can be satisfactorily identified by this method. 

The following procedure gives good results in the complete analysis of 
liquor cresolis compositus. 

Water. — Determine water in a 50 gram sample by distilling with xylene into 
a Dean and Stark type distilling tube receiver as directed for water in soap, p. 561. 

Unsaponified Material. — Weigh about 20 grams of sample into a 125 cc. 
Squibb separatory funnel, add about 40 cc. of ether and 40 cc. of water, and shake 
the mixture. Let it stand until it has separated into layers and draw off the aque- 
ous layer into a second funnel. Add 40 cc. of ether to the aqueous portion in the 
second separatory funnel, shake the mixture, let it stand until separated, and draw 
off the aqueous layer into a third funnel. Repeat the washing of the aqueous layer 
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with another 40 cc of ether in the third funnel. Draw off and reserve the aqueous 
layer. Successively wash the ether fractions in the three separatory funnels, first 
with 40 cc. of lo per cent sodium hydroxide solution, then with 25 cc. of 10 per cent 
sodium hydroxide solution and finally with 25 cc. of water. Combine the ether 
fractions in a tared 250 cc. beaker and carefully distil off the ether on a water bath. 
(The last of the ether may be evaporated with a current of air at room temper- 
ature.) Weiph the residue and from this weight calculate the percentage of un- 
saponified material. It will include both the unsaponified matter from the linseed 
oil and any neutral oils in the cresol. 

Fatty Acids. — Combine the alkaline and water extracts from the determination 
of the unsaponified material and transfer to a 500 cc. Kjeldahl flask. Acidify with 
dilute sulfuric acid (i -f'4) and .steam distil until a test portion of the distillate 
shows no coloration with ferric chloride solution. Usually all the phenols will come 
over in 400 cc. of distillate. Cool the residue in the fla.sk and extract it with three 
40 cc. portions of ether, wash the ether once with water, combine the ether extracts 
in a tared 250 cc. beaker, evaporate the ether on a water bath, and weigh the 

residue. From this weight calculate the percentage of fatty acids. To convert the 

percentage of fatty acids to fatty anhydrides, multiply by the factor 0.97. 

Iodine Number of Fatty Acids. — The formula fur liquor cresol is compositus 
calls for linseed oil and in the assay of this product it is necessary to identify the 

fatty acids obtained from it. This may most readily be done by determining their 

iodine number. Either the Hanus method’ or the Wijs method"* may be used. The 
Pharmacopeia states that linseed oil should have an iodine number not less than 170. 
Holde* gives the iodine numl>er of the fatty acids from linseed oil as 179-182. It 
is possible that if the fatty acids have been heated too long and become oxidized 
the results obtained may be a little lower. 

Phenols (Cresol). — Determine phenols hy the modified U. S. Pharmacopeia 
method, p. 588, or by the following method : 

Transfer the steam distillate containing the phenols, which was obtained in the 
determination of fatty acids, to a separatory funnel ; saturate with salt ; and extract 
three times with ether, using about 50 cc. each time. Combine the ether extracts in 
a .separatory funnel and extract them successively with 15 and 10 cc. of 25 per cent 
sodium hydroxide solution and 10 cc. of water. Retain the ether. Combine the 
aqueous extracts, heat them on the water bath until all the ether has been evaporated, 
cool, and acidify with dilute sulfuric acid (i +3). Transfer the mixture to a buret, 
let stand for an hour for the phenols to separate, and then read the volume of 
phenols which have sei>arated. Determine the water on a portion of about 5 cc. of 
the phenols by distillation with xylene as in the determination of water in liquor 
cresolis compositus and subtract the calculated volume of water from the measured 
volume of phenols. Run the aqueous layer from under the phenols into the ether, 
which has already been used for extraction of the distillate and retained. Shake 
the mixture well, separate the ether, and evaporate it on the water bath, being care- 
ful not to lose any phenols. Calculate the total weight of phenols in the product 
by multiplying the corrected volume by the factor 1.05 and adding to it that which 

> Methods of Analysis, A. O. A, C, 

* Examination of Hydrocarbon Oils. John Wiley & Sons, New York, 1915. 
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has been recovered after evaporating the ether. This method, while somewhat com- 
plicated, has been found to give satisfactory results in the hands of an experienced 
analyst. 

Sodium and Potassium Oxide. — Determine by the method described under 
soap on p. 561. 

Glycerol. — Determine glycerol by a modification of the method described for 
glycerol in soap on p. 562. A 50 gram sample of liquor cresolis compositus should 
be used and after decomposing with sulfuric acid it is necessary to extract the fatty 
acids and phenols with ether. Then pnKreed as with the acid water from which 
the fatty cake has been removed. 

A method that is more rapid than that already described but which may 
give somewhat less accurate results is based on the method for glycerol 
in wines by direct weighing.^ The [jrocedure follows. 

Dissolve a 20 gram sample of the liquor cresolis compositus in 50 cc. of water 
and add the volume of normal sulfuric acid solution which will be just sufficient to 
neutralize the total alkali in the sample. Extract the mixture three times with ether, 
washing the ether each time with water. Combine the aqueous portions and evapo- 
rate on the steam bath to a sirupy consistency. Take up with absolute alcohol, warm, 
and filter from sodium sulfate. Repeat the evaporation and extraction with abso- 
lute alcohol. Evaporate the alcohol, and, if the residue shows traces of tarry ma- 
terial, wash once with 5 cc, of anhydrous ether. Evaporate traces of ether, dry for 
an hour at the temperature of boiling water, and weigh. Ignite the residue, weigh, 
and regard the loss of weight as glycerol. 

SAPONIFIED CRESOL SOLUTIONS 

It has been found that products of the type of liquor cresolis compositus, 
which are made from coal tar acids other than cresol and soaps other 
than linseed oil soap, are satisfactory for many disinfecting purposes. In 
fact, some of them are much more effective than liquor cresolis compositus 
for certain purposes. As a result a large number of these preparations are 
sold under the name of “Saponified Cresol Solution’’ or under proprietary 
names. 

The methods of analysis described under “Liquor Cresolis Compositus^* 
are applicable to saponified cresol solutions. In addition, certain other 
tests are at times necessary. 

Chill Test.- It has been found that two difficulties may be encountered in the 
use of saponified cresol solutions. If a proper soap is not used or if the proper- 
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tions are not right, separation or solidification may occur, particularly at low tem- 
peratures. To detect this fault Chapin^ has suggested a chill test as follows: 

Half fill a i8o by 20 mm. test tube with the sample, stopper, and immerse it at 
least three-fourths in a bath held at 0° C. for 3 hours. The contems of the tube 
immediately after withdrawal from the bath should flow when the tub*' is tilted and 
should show no separation of soap, either in mass or as a pronounced turbidity. 

Solutioil«Kate Test. — If too large a proportion of high-boiling coal tar acids 
is used in the preparation of a saponified cresol solution it will not be readily mis- 
cible with water in all proportions. In the higher concentrations it will form a 
gelatinous, almost solid mass. In the lower concentration it will be very slow to 
go into solution. An empirical test of speed of solution has been proposed by 
Chapin. A description of the method follows. 

APPARATUS 

(a) Measuring cylinder . — Ordinary 250 cc. glass-stoppered, graduated type, 
about 35 cm. in height and holding 300 cc. to the neck. 

(b) A marble — 12-14 nim. in diameter. 

DETHRMINATION 

Fill the cylinder nearly to the neck with distilled water at 25° C., drop in the 
marble, and rapidly pour in from a graduate 10 cc. of the sample, being careful that 
the liquid docs not contain froth or touch the sides of the large cylinder when it is 
p<')ured. Quickly fill the cylinder to overflowing with distilled water at the same 
temperature and insert the stopper without trapping any air. Before the sample 
has fallen to the bottom and formed a layer hold the cylinder vertically between 
the hands and invert rapidly every 2^^ seconds — that is, bring it through a complete 
cycle of positions in 5 seconds. At the expiration of 2 minutes from the first con- 
tact the mixture should be entirely free from globules and jelly particles and not 
more than faintly opalescent. 


CREOSOTE OILS 

The term cresote, properly applied, refers to the j)henoloid bodies ob- 
tained from w^ood tar, and this is its meaning as used in the U. S. Pharma- 
copeia. It is used also to refer to a mixture of tar acids obtained from coal 
tar. The coal tar or wood tar oils from which the creosote (that is, the tar 
acids) may be extracted with sodium hydroxide are called creosote oils. 
At tbe present time, unless specifically stated to the contrary, the term 
"‘creosote oil'’ is understood to refer to the i)roduct distilled from a high 
temperature coal tar such as ordinary coke-oven or gas tar. Common 
usage in the wood preserving industry has led to a rather general disuse 
of the word “oil" so that “creosote oil" is usually referred to as “creosote." 
The American Wood Preservers Association has defined the word “creo- 


^ Loc. cit. 
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sote’' as follows: ‘"Creosote in the scientific sense, may be properly de- 
fined as any and all distillate oils boiling between 200^ and 400° C., which 
are obtained by distillation from tars consisting principally of compounds 
belonging to the aromatic series, and containing well defined amounts of 
phenoloids.” 

Creosote oils are used in large quantities as wood preservatives and as 
flotation oils to aid in separating certain ores, particularly the sulfides, from 
the gangue with which they are mixed. They are also used in the prepara- 
tion of emulsifiable disinfectants, as insecticides, and in shingle stains and 
bituminous paints. In the jiast they have been used in the preparation of 
some of the animal dips, but more recently it has been found that other 
dips are better suited than the creosote preparations. In 1927 domestic 
production of creosote oil was 76 million gallons, and imports for the same 
year were 96 million gallons. 

In testing a creosote oil it is usual to determine water, free carbon (or 
benzene-insoluble material), tar acids, specific gravity, distillation range 
and unsulfonated residue. 

Water , — Determine water on a 100 cc. sample by distillation into a Dean and 
Stark type receiver as described on p. 561, or, if the water will separate readily, 
calculate the percentage from the quantity found in the portion that comes over 
below 210® C. in the determination of distillation range. 

Free Carbon (Benzene-Insoluble Material) 

APPARATUS 

Extraction apparatus . — A special flask 24 cm. high and 6.5 cm. diameter at 
the bottom, with a condenser inserted in the top and a filter cup to contain the oil 
suspended below the condenser (see Fig. 7). 

Filter cup . — The filter cup may consist of two thicknesses of hardened filter 
paper arranged in a cup shape about i inch in diameter by 2 ]/^ inches long by fold- 
ing symmetrically, or an alundum crucible may be used. A cap should be furnished 
for the filter cup. If filter papers are used, they should be soaked in benzene to 
remove any grease, dried, and kept in a desiccator until ready for use. 

DETERMINATION 

Weigh 10 grams of the dry oil and transfer it to a weighed filter cup by means 
of 50 cc. of pure benzene. Add sufficient benzene to the apparatus for use in the 
extraction, place the filter cup in its support, heat with an electric heater or over 
the steam bath, and continue the extraction until the descending solvent is practically 
colorless. Then remove the filter cup, heat it in a steam oven until the solvent is 
evaporated, cool in a desiccator, and weigh. 
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Fig, 7. — Apparatus for Determination of Free Carbon, 


Tar Acids. — Contraction Method . — No method for the determination 
of tar acids is entirely satisfactory, but the contraction method described 
by Weiss^ is quite generally used. 

APPARATUS 

Tar acid separatory funnels, type i and type 2 (see Fig. 8), and distillation 
apparatus. 

determination 

Place 100 cc. of the creosote oil in a side-neck distillation bulb fitted with a 
condenser and thermometer reading to 400° C. and distil until 95 cc. of distillate 
has come over or until the vapor temperature has reached 400® C. Transfer the 
distillate to a type i tar-acid separatory funnel if it has more than 25 per cent of 
acids or to a type 2 funnel if it has less than this proportion. Bring the funnel 
with the oil to constant temperature in a water bath at 60® C. and note the volume 
of oil. Extract with successive portions of 50 cc. each of 10 per cent caustic soda 
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solution, until no further diminution in volume occurs. (In each case the caustic 
soda solution is added to the funnel, the mixture shaken and allowed to separate 
at 6o° C., the soda solution drawn off, and the volume of the residual oil noted.) 
When no further contraction in the volume of the oil occurs consider the total dim- 
inution in its volume to be tar acids. Since loo cc. of sample was taken, the 
number of cubic centimeters shrinkage represents directly the percentage of tar 
acids by volume. 


Hill^ states that Weiss has changed this method somewhat and extracts 
with three lOO cc. portions of lo per cent sodium hydroxide solution. Also 
if the oil contains over 35 per cent of tar acids he dilutes it with i or 3 
volumes of kerosene before making the extraction so as to bring it within 
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this limit. The result is, of course, multiplied by 2 or 4 as the case may 
be. 

Weiss^ states that this method gives results which are slightly higher 
than the true acid content of the oil because the soda dissolves compounds 
other than phenolic bodies and withdraws them from the oil. In spite of 
this he considers it the most satisfactory method for general use. 

Liberation method , — Weiss also describes a liberation method for tar 
acids which gives approximately the quantity of tar acids that can be re- 
covered from an oil in practice. Results by this method are usually about 
90 per cent of those by the contraction method. 

APPARATUS 

Use same apparatus as in the contraction method. 

DKTERM I NATION 

Distil 100 cc. of the creosote oil as already described. (If the tar acid content 
is very low, 200 cc. of creosote oil may be distilled so that the results will be more 
accurate.) Shake the oil in a separatory funnel with successive 25 cc. portions of 
15-20 per cent caustic soda solution until no more tar acids are removed. After 
shaking let the alkaline solution thoroughly settle each time and then draw it off 
into a beaker. Acidify the combined alkaline extracts with 40 per cent sulfuric 
acid, taking care to keep the mixture cool at all times. If the tar acid content of 
the oil is over 5 per cent, measure 65 cc. of a high boiling naphtha into a type 2 tar 
acid funnel and note the volume. Then pour into it the liberated tar acids and 
sodium sulfate solution, draw^ off the aqueous layer and rinse the beaker with it, 
and again pour it into the funnel. Repeat this rinsing several times so that the 
phenols will be thoroughly extracted by the naphtha. Allow the funnel to stand 
until the layers separate perfectly and draw’ off the sulfate solution. The increase 
in volume of the naphtha layer is considered to be due to tar acids. If the oil 
contains less than 5 per cent of tar acids, follow the same procedure but use a 
separatory funnel that will measure a much smaller volume of naphtha and only 
10 cc. of the naphtha to extract the tar acids. 

Direct Determination . — Tar acids may also be determined by direct 
weighing or by direct measuring. In this case correction must be made for 
the water contained in the tar acids and for the tar acids dis'^olved in the 
aqueous solution. 


DETERMINATION 

Distil the creosote oil and extract with successive 25 cc. portions of 20 per cent 
sodium hydroxide solution as in the liberation method just descril)ed. Successively 
wash the alkaline extracts with two 25 cc. portions of ether, then combine the alka- 
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line extracts in a beaker, heat them on a water hath for a few minutes to expel the 
ether, cool, and acidify^ with dilute sulfuric acid (i + 3), taking care to keep the 
solution cool during the addition of the acid. If only a small portion of tar acids 
is present, extract the acidified mixture three times with ether, carefully evaporate 
the ether on the steam bath, using a gentle air current to remove the last portions, 
and weigh the tar acids. If a considerable quantity of tar acids is present, trans- 
fer the acidified mixture to a 100 cc. buret, drawing some of the solution from the 
buret to rinse the beaker and returning it to the buret. Let it stand until the tar 
acids have separated as much as possible and note their volume. Determine the 
water in a measured portion of the phenols by the xylene distillation method, p. 561. 
Draw off the aqueous layer and extract it three times with 40 cc. portions of ether, 
carefully evaporate the ether, and weigh the residual tar acids. Calculate the weight 
in grams of the measured tar acids by multiplying the number of cubic centimeters 
by the factor 1.05 (an arbitrary value for the density of the tar acids). To this 
add the weight of tar acids extracted from the aqueous layer and subtract the 
weight of water found in the tar acid layer. 

Thus if fl = measured volume of tar acids in cc., 

b — weight of tar acids in grams extracted from the aqueous layer, and 
c = weight of water in tar acids in grams, 

Then total weight of tar acids = 1.0s a b — c 

Although this method appears to l>c somewhat complicated it has been found 
to be rather easy of manipulation and gives excellent results in the hands of an 
experienced worker. 

Specific Gravity. — Determine the specific gravity of creosote oil either by 
means of a hydrometer or a Westphal balance. Since many creosote oils will 
separate solid material at ordinary room temperature make the determination at 
38° C. and compare with w^ater at 15.5® C. 

Distillation Bange 

APPARATUS 

A special distillation flask with a capacity of 250-290 cc., an asbestos shield for 
the flask, an air condenser, and a thermometer as shown in Fig. 9. 

DETERMINATION 

Weigh 100 grams of the oil into the retort, assemble the apparatus as shown 
in the figure, and distil at such a rate that at least one drop and not more than 
two drops per second are collected in the receiver. Change receivers at 2io®, 235®, 
^0°, 315*" and 355® C, and weigh the various fractions. 

Sulfonation. — At times creosote oils have been adulterated with mineral 
oil. As an aid in detecting this form of adulteration, the unsulfonated residue is 
determined. The method used is the same as that described for mineral oil on 
p. 566. In considering the values obtained it should be borne in mind that a true 
coal tar creosote oil may show a small proportion of unsulfonated material, the 
proportion depending to some extent on the method of producing the coal tar from 
whidi the creosote oil was made. 
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ANTHRACENE OIL 

Anthracene oil is generally defined as the fraction of coal tar that 
distils above C. It contains the anthracene together with other hy- 
drocarbons and some phenoloid bodies. The anthracene may be recovered 
from the product and the residual oil used as a wood preservative either 
mixed with creosote oil or alone. Because this oil is less volatile than 
the usual creosote oil it has been found valuable for use where only a 
brush coating is to be given to the wood. The more volatile creosote oils 
are not so satisfactory for this purpose. Owing to their low volatility the 
oils from which the anthracene has been recovered have also been found 
useful for painting poultry houses to kill chicken mites. Many pro- 
prietary preparations of this material have been put on the market as 
"'carbolineums.’* 

The methods of analysis for the anthracene oils are exactly the same as 
the methods already given for creosote oils. 

KEROSENE-CRESYLIC ACID MIXTURES 

Mixtures of kerosene with coal tar acids are often used for spraying 
to control certain household insects and to some extent on animals. 

Plheixols. — If the coal tar acid used is phenol (CcH*.OH)» it is determined by the 
colorimetric method of Chapin described on p. 585. If the higher tar acids such as 
cresylic acid are present, the methods described for tar-acids in creosote oil should 
be used. 
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Sulfonation. — As a check on the amount of kerosene present the unsulfonated 
residue is determined by the method described for mineral oil on p. 566. Samples 
of kerosene tested by this method have given an unsulfonated residue of about 
80 per cent. Of course, this cannot be taken as applying to all kerosenes since 
such products vary considerably in composition. Sulfonation, however, has been 
found a valuable check in determining the composition of kerosenc-cresylic acid 
preparations. 

Specific Gravity, — "The specific gravity of the preparation may be determined 
with either a hydrometer or a Westphal balance. It furnishes another indication of 
the composition of the product since the specific gravity (20^/4° ) of kerosene is 
usually about 0.80, while that of crcsylic acid is about 1.05 under the same conditions. 

EMULSIFYING DISINFECTANTS 

Emulsifyini( disinfectants, sometimes called coal tar creOvSote dips, con- 
sist of coal tar acid oils (crude carbolic oils), rosin or fatty soaps, and 
water. They are black or brown, oily appearing liquids which, when 
poured into water, form white, reddish or brown emulsions. They are 
used in large quantities where a cheap disinfectant is desired and are also 
of value against some of the insects that infest animals. They were for- 
merly widely recommended as dips, but they were found to be rather un- 
satisfactory for this purpose owing to diflficulty in keeping the dipping 
bath in a condition to assure an effective action and because of the danger 
of injury to the animals. 

The disinfecting value of these preparations depends on the quantity and 
type of coal tar acids which they contain, on the coal tar oils present, and 
on the completeness with which the product emulsifies. Those which are 
made from special types of oils, such as blast furnace tar oils, have high 
phenol coefificients ; others, which have l)ecn adulterated with mineral oil 
or which contain low-grade oils and are not well emulsified, are almost 
valueless. The products are usually tested bacteriologically to determine 
their value as disinfectants, but a chemical analysis is also quite commonly 
required. The methods for the determination of soap and water are fairly 
satisfactory, but while several methods have been suggested for the neutral 
oils and phenols none of them is entirely satisfactory. However, they give 
considerable infonnation as to the composition of the product. The fol- 
lowing methods have been used for these determinations. 

Water. — Determine water on a 50 gram sample by distilling with xylene into 
a Dean and Stark type distilling tube receiver in exactly the same manner as de- 
scribed for water in soap on p. 561, 

Phenols, Neutral Oils and Fatty or Bosin Acids.— Weigh approximately 20 
grams of sample into a 125 cc. Squibb funnel. Add about 40 cc. of ether and 40 cc. 
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of water and shake the mixture. If the mixture does not separate into two layers 
on standing, add a little 25 per cent sodium hydroxide solution and shake again. 
It will then usually separate into layers. Run the lower layer into another Squibb 
funnel and wash twice more with ether. Treat the upper layer twice with a mix- 
ture of 25 per cent sodium hydroxide solution and water (about 30 cc. of 25 per 
cent NaOH in all) and then finally with water. Wash the alkaline and water ex- 
tracts in turn with the same ether used in washing the first aqueous extract. Com- 
bine the ether extracts and washings, carefully distil the ether on the water bath, 
and weigh the residue as neutral oils. 

Combine the alkaline and water extracts obtained above, acidify with sulfuric 
acid (1-4-4), and steam-distil until no more phenols come over (test with ferric 
chloride solution). Saturate the distillate with salt and extract three times with 
ether. Carefully evaporate the ether and weigh the residue as phenols. (In case 
of large quantities of phenols they may be extracted from the ether above with 25 
per cent sodium hydroxide and then liberated with sulfuric acid (i -4-4) and 
measured. The weight of phenols should be considered as 1.05 times the volume. 
For accurate work corrections must be made for the water in the phenols and for 
the phenols in the acidified solution of sodium sulfate.) 

Extract the residue in the distilling flask with ether, evaporate the ether, and 
weigh the residue as fatty or resin acids (or a mixture of fatty and resin acids). 
Multiply this weight by o.Q7 to obtain the weight of fatty and resin anhydrides. 

The rosin acids in the mixed acids may be determined by Wolff’s’ method. 

Sodium or Potassium Oxide. — Use the same method as for sodium or potas- 
sium oxide in soap, p. 561, 

The principal difficulty in the method for the neutral oils is that of 
evai>orating all the ether without losing some of the neutral oil. This is 
especially true if they contain any considerable proportion of the lower 
boiling fractions. In practice it is often found advisable to remove the last 
traces of ether by blowing a current of air on the oil after removing it 
from the steam bath. An experienced operator can get quite accurate 
results on most samples wdth this method, however, in spite of its difficulty. 
The same difficulty in regard to evaporating ether occurs in the method for 
determining phenols. In addition the phenols have a tendency to hold 
water so that the phenolic residue remaining after the distillation of the 
ether may contain as much as 10 per cent of water. Usually the two 
errors counterbalance each other to a considerable extent. 

Other Methods for Emulsifying Disinfectants 

The following methods recommended by Chapin, “ differ somewhat from 
those just described. 


* /. Jnd. Bng. Chem.^ 14, 1161 (1927). 

*U. S. Dept. Agr. Bur. Animal Industry Bull. 107 (1908). 
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Water. — ^Weigh 50 grams of the sample into a 100 cc. fractionating flask with 
a moderately high side tube, beyond which the neck should continue for not more 
than I inch. Connect the flask with a small water-cooled condenser and carefully 
heat with a smoky flame until oils come over freely and carry no water with them, 
but do not continue the distillation unnecessarily. Receive the distillate in a gradu- 
ated 25 cc. cylinder, allow to stand for some time to separate completely, and then 
read the volume of water. A sample extremely high in rosin may bump and froth 
over. In such a case a large flask should be used, and the sample diluted with about 
an equal quantity of water-free mineral or coal tar oil. If the separation of the 
distillate into layers is imperfect, add a small measured quantity of strong sodium 
chloride solution, nearly fill the cylinder with benzol, shake, and allow to rest for 
some time. Read the volume of the aqueous layer and subtract from it the volume 
of salt solution used. Consider each cubic centimeter of corrected volume to repre- 
sent I gram of water, and calculate its percentage. 

Phenols. — Weigh 50 grams of dip into a 500 cc. round -bottomed flask, add 20 
cc. of sulfuric acid (i ~}-3), and distil off the phenols with steam. If a rapid cur- 
rent of steam is passed into it, the flask will require no heating, but may with ad- 
vantage be packed in cotton or felt. Obviously the apparatus must l>e so set up 
and the distillation so conducted that particles of rosin may not be mechanically 
carried over by the current of steam. Toward the end of the distillation melt out 
any naphthalene in the condenser by shutting off the water for a few minutes, or 
if naphthalene is separated earlier in sufficient quantity to threaten stoppage of the 
condenser tube, interrupt the distillation and run hot water through the condenser. 
Receive the distillate in a liter flask marked approximately for each 100 cc. capacity. 
Join the flask to the condenser by a cork through which passes a small glass tube 
connected to a small U-tube containing a little dilute sodium hydroxide. The latter 
acts as a trap to prevent any loss of the distilled phenols. Continue the distillation 
until I or 2 cc. collected in a test tube gives no reaction with any appropriate reagent 
for phenols, such as ferric chloride. A volume of 800 cc. should prove ample in 
nearly all cases. 

Prepare a supply of benzol by shaking a good grade of benzol with dilute sul- 
furic acid, then with dilute sodium hydroxide two or three times, and then passing 
through a dry filter. A small wash bottle containing some of this benzol will be 
found very useftd for rinsing the necks of separatory funnels, etc. Measure ISO 
cc, of this purified benzol and place it conveniently at hand. Add the contents of 
the U-tubc and 5 cc. of sulfuric acid (i -r i) to the distillate, shake the latter, pour 
into a separatory funnel of 1500 cc. capacity, and rinse the flask with successive 
portions of the 150 cc. of l)enzol. When all is in the funnel, add 25 grams of clean 
sodium chloride for each 100 cc. of distillate, shake the funnel well for S minutes, 
and allow to rest for 30 minutes. Then run off the aqueous layer slowly and com- 
pletely, and allow the funnel to stand until there is no further separation. Transfer 
the benzol solution of phenols and hydrocarbons to a 500 cc. Erlenmeycr flask, pour 
the aqueous portion back into the separatory funnel, and extract twice more in the 
same way, using 100 cc. of benzol each time. The funnel should always be gently 
handled after the aqueous portion has been drawn off to prevent any impurities 
from the sodium chloride which have deposited upon its sides from becomit^ mixed 
with the benzol solution. Unite the 3 benzol extracts in the Erlenmeycr flask, add 
15 cc. of pure sodium hydroxide solution (i -f 2), and subject the contents of the 
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flask to a rotatory motion for some time in order that the phenols may be taken 
up by the sodium hydroxide as completely as possible. Add a few grains of sand 
to the flask, immerse in a water bath, connect to a condenser, and distil off all but 
40-50 cc. of the benzol. Next, with the aid of a wash bottle containing water and pro- 
vided with a fine jet, carefully wash the contents of the flask into a 150 cc separa- 
tory funnel, using only a small portion of water at a time. With proper manipu- 
lation the flask should be completely washed when the volume of aqueous portion 
in the separatory funnel amounts to not more than 50 cc. Next slowly introduce 
with gentle rotation of the funnel, 10 cc. of sulfuric acid (100 cc. of concentrated 
sulfuric acid plus 120 cc. of water). Interrupt the addition of acid whenever the 
funnel becomes unpleasantly warm to the hands. Now add 2 or 3 drops of methyl 



Fio. TO. — Phenol Measuring Tube. 


orange, and if on mixing the contents of the funnel the lower layer does not acquire 
a pink color continue the addition of acid until acidity is assured. Then add suffic- 
ient benzol to make the two layers in the funnel approximately equal in volume. 
Thoroughly shake the funnel and allow to stand for 2 hours with loosened stopper. 
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Then slowly and completely run out the aqueous layer, making sure that on longer 
standing no more will drain down from the sides of the funnel. At this point the 
benzol solution of phenols is ready to be transferred to the measuring tube. 

The measuring tube, Fig. lo, consists of a glass-stoppered pear-shaped bulb of 
about 100 cc. capacity, joined at its tapering end to a tul^e alx)ut i foot long and of 
a capacity of 25-30 cc. This tube is accurately graduated to contain 25 cc. at 20® C. 
in divisions of o.i cc. 

The apparatus must Ih‘ thoroughly cleaned with soap powder and hot water, 
and dried, best spontaneously, though alcohol and ether may be used if pure. Per- 
fect cleanliness is essential to insure a properly shaped meniscus. Place between 
15 and 16 cc. of scKlium hydroxide solution (i + 3) ttibe by means of a pipet, 

without allowing the solution to come in contact with the interior of the bulb or 
upper part of the tube. After a few moments add about i cc. of benzol and after 
waiting a little note the height to the top of the now almost flat meniscus. Next 
transfer the benzol solution of phenols from the separatory funnel to the tube, 
taking care to avoid mixing with the .soda. Wash out the separatory funnel with 
a little l>enzol, transfer the washings to the tube, and again note the position of the 
meniscus. The position of the meni.scus may often be olUained more accurately at 
this point. Stopper the tiilM?, shake vigorously for 3 minutes, and .set aside for at 
least 3 hours. An occasional rapid rotation of the tube between the palms of the 
hands will insure a more complete separation r)f the layers. Each cubic centimeter 
of increase in volume of the sodium hydroxide solution may be taken to represent 
I gram of phenols. Take all readings of the tube at the top of the meniscus and 
at a temperature as near 20" C. as practicable. 

Bosin Acids. — These acidb may be determined either gravimetrically or volu- 
metrically. Cool the contents of the flask from which phenols have been steam- 
distilled and pour the aqueous portion into a separatory funnel, with as little rosin 
as possible, and extract with ether. Draw off and discard the aqueous portion. 
Dissolve the residue in the flask with ether, transfer the solution to the funnel, add 
50-60 cc. of water, and shake the funnel well. The presence of insoluble carbon- 
aceous matter will usually cause a persistent emulsion at the junction of the two 
layers, which may, in fact, entirely fill the lower part of the funnel. Draw off the 
lower layer, including any emulsion, into a 300 cc. Erlenmeyer flask and again 
shake the ether layer with successive portions of water, until the carbonaceous 
matter is wholly removed and separation takes place in the funnel quickly and 
cleanly. Receive all of these wash waters in the flask containing the first separated 
emulsion and heat this on a steam bath until the ether is expelled. Then bring the 
contents more or less completely upon a wet filter and wash with hot water. At 
this point the methods diverge. 

Gravimetric method . — Drain well both flask and filter after a brief washing of 
the insoluble carbonaceous residue with hot water. Then wash both, first with a 
little absolute alcohol to remove water, then thoVoughly with ether until all rosin 
is dissolved and the filtrate comes through colorless. Unite the ethereal solution 
of hydrocarbons and rosin and shake with about 40 cc. of 15 per cent sodium 
hydroxide solution. On separation there will be three layers. The lowest one will 
usually contain little rosin soap and consequently hold but a small amount of hydro- 
carbons. It is best run off and washed separately with ether. One washing will 
usually free it completely from hydrocarbons. After the first layer has been thua 
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removed, add about 50 cc. of water to the funnel and shake well. Run off the lowei 
layer of rosin soap and follow with 5“io cc. of water without shaking, the funnel 
being given only a gentle rotatory motion. Wash the remaining ether solution of 
hydrocarbons twice with 20-25 cc. of alx)ut 4 per cent sodium hydroxide solution, 
following each washing by a little water, as before described. Keep these two 
washings with sodium hydroxide apart and do not add to the main solution of 
rosin soap. 

Wash the main solution of rosin soap in a separatory funnel with successive 
portions of ether and follow through each time by 5 cc. of water, as at first, until 
the ether is left nearly colorless. Shake the ether extracts through in their order 
with the two washings of dilute sodium hydroxide already used, and a third if 
needed, following each with a few cubic centimeters of water. 

Unite all the aqueous extracts in a porcelain dish or casserole, which should 
be not more than half filled by them, and evaporate on a steam bath until the ether 
is dissipated and the volume reduced to a convenient quantity. Transfer the con- 
tents of the dish to a separatory funnel with the aid of a spatula and hot water; 
add sulfuric acid to decompose all rosin soap, and after complete cooling extract 
the rosin acids with ether and wash with water until free from sulfuric acid. 
Bring the ethereal solution into a weighed Erlenmeyer flask containing a few grains 
of sand, distil off the ether, heat the flask in an oven at 110“ C. until the absence 
of frothing on rotation of the flask shows elimination of water, then cool and weigh. 

rolumetric method . — In the volumetric method proceed exactly as in the gravi- 
metric method to the point where carl)onaceous matter is brought upon the filter 
and washed with hot water. In this case continue the washing until the wash water 
comes through entirely free from acid reaction. Meanwhile bring the main ethereal 
solution into a flask and distil off the ether. Set the filter funnel in the neck of 
this flask and wash the carbonaceous matter until freed from rosin with hot alcohol 
previously rendered neutral to phenolphthalein. Bring the alcoholic solution of 
rosin into a volumetric flask and take an aliquot part, usually one- fourth, for titra- 
tion with 0.5 N sodium hydroxide solution. This titration is conveniently carried 
oitt in a 200 cc. Erlenmeyer flask in a volume of 100- 125 cc., the portion taken being 
diluted with neutralized alcohol to that amount. 

Owing to the very dark color of the liquid an external indicator is necessary. 
For this purpose alkali blue is best adapted. Add a few drops of a strong alcoholic 
stock solution to 25 or 30 cc. of alcohol, and carefully neutralize with o.i N sodium 
hydroxide solution. Use sufficient alkali blue to produce a deep color, almost a 
cherry with no trace of violet, when neutralized. This dilute indicator should be 
freshly prepared. During the titration of the rosin acids, have at hand cleaned 
and dried a supply of .small test tubes 8-10 mm. in diameter and 60-80 mm. long. 
When a test of the titration is to be made, pour about 0.5 cc. of the prepared indi- 
cator into one of these test tubes and add a drop of the liquid under titration. If 
a violet color appears, the solution still contains free rosin acid and more of the 
0.5 AT sodium hydroxide must lie added and the solution again te.sted with a fresh 
tube of indicator. If the indicator does not show a violet color upon the addition 
of one drop of the liquid under titration, continue to add the latter drop by drop 
until 0.5 cc. has been added, which is a quantity approximately equal in volume to 
the indicator originally in the tube. The continued absence of a violet color after 
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the addition of this amount indicates that the solution is either neutral or alkaline. 
The end of the titration is reached when a greenish or violet tint just fails to 
appear. A fresh tube of indicator must be used for each test. It is best to pro- 
ceed by first running in 12-15 cc. of 05 sodium hydroxide at once, then test, and 
if necessary continue the addition, a cubic centimeter at a time, until the indicator 
shows alkalinity ; run back with 0.5 N hydrochloric acid using perhaps 0.4 cc. at 
a time until acidity is shown, and then work carefully with 0.5 N sodium hydroxide 
to exact neutrality. Consider 1 cc. of 0.5 N sodium hydroxide equivalent to 0.162 
gram of rosin acids. Phenolphthalein may also be used as an indicator in a similar 
way by preparing an alcoholic solution of quite a deep rose tint. The end point 
of the titration will then be reached when the indicator, used in the same way as 
alkali blue, is no longer bleached by the addition of the liquid under titration. The 
color change is not so marked as in the case of alkali blue, and consequently the 
end point is not so sharp, though almost equally good results may be obtained with 
a little care and practice. All alcoholic solutions should be kept from contact with 
air as far as possible to pre\ent absorption of carlx)n dioxide. 

Soda and Pyridine Bases. — In the determination of soda and pyridine bases 
a measured volume of standard sulfuric acid, known to be in excess, is added to 
change these bases to the sulfates and to liberate the free rosin acids, which are 
then separated. Then the excess sulfuric acid is titrated with alkali to a methyl 
orange end point, giving .sodium sulfate and pyridine sulfate in solution. The same 
solution is then titrated to a phenolphthalein end point. The difference between 
the two titrations is the equivalent of the pyridine bases present and is calculated 
to pyridine (CsHsN). The difference between the total alkali titration and the 
original standard sulfuric acid added is the equivalent of the .soda in the sample and is 
calculated to sodium oxide (NaaO). 

Coal Tar Neutral Oils. — The coal tar neutral oils are calculated by difference. 
This value is to l>c considered as only approximate since the errors in the determi- 
nations of all the other components will affect it. 

The determination of phenols by the method of Chapin has been criti- 
cised on the ground that each cubic centimeter increase in volume of the 
alkaline solution does not always represent a gram of phenols. Edwards 
and Freak^ showed that, using various phenols, the errors could vary 
from 7 to 17.5 per cent. However, in practice the method has proved fairly 
satisfactory, and consi.stent results can be obtained by its use. 

High-Boiling Phenols. — In using either of the two methods described 
for determining phenols in emulsifying coal tar disinfectants it should be 
realized that, since the phenols are distilled with steam, high-boiling 
phenols will not be included in the determination. Edwards and Freak 
have stated that the phenols distilling above 250° are volatile in steam 
only with difficulty and are not correctly determined by these methods* 


’/. S/>c, Chem, Ind,, 80 , 326 T (l9.^o). 
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Ordinary coal tar creosotes contain comparatively little of the high-boiling 
phenols and there has been no practical difficulty due to their presence. 
However, blast furnace tars and tars which are produced by the low- 
temperature carbonization of coal are known to contain considerable quan- 
tities of high-boiling phenols. These are particularly valuable because 
their use will often markedly increase the bactericidal efficacy of a dis- 
infectant. Taylor^ suggested a method for the determination of phenols 
that would include the higher-boiling bodies, as follows. 

Weigh 50 grams of disinfectant into a 250 cc. Pyrex side-neck distilling flask, 
add 25 grams of sodium bicarbonate and 0.5 gram of magnesium carbonate, and 
wash down the sides of the flask with 50 cc. of a high-boiling refined petroleum 
distillate that has l>een previously washed with alkali. Connect the flask with a 
Liebig condenser and collect the distillate in a Weiss, type 2, measuring tube. Con- 
tinue the distillation over a free flame at a slow rate until the distillate attains a 
deep yellow color. Transfer the water that collects in the tube to a separatory 
funnel, salt out any phenols present, dissolve them in kerosene, and add this solu- 
tion to the distillate in the measuring tube. Wash with 10 cc. of 10 per cent sulfuric 
acid, discard the acid wash, and note the volume in the tube at 25“ C. Remove the 
phenolic bodies with successive 80 and 60 cc. portions of 10 per cent sodium hydrox- 
ide solution and after thorough draining note the final volume in the tube at the 
same temperature. Multiply the diminution of volume in cc. by 1.03 to obtain the 
weight in grams of phenol present 

Mineral Oil. — Mineral oil is sometimes found in emulsified disinfectants 
as an adulterant. It is of no value as a disinfectant, and a method for 
its determination is therefore desirable. There is no method which is en- 
tirely satisfactory, but it is possible to make a fair estimate from the per- 
centage of unsulfonated residue from the oil as follows: 

Sulfonate 5 cc. of the neutral oil separated from the disinfectant as described 
on p. 600 with 38 N sulfuric acid by the method described for lubricating oils on 
p. 566, and determine the volume of unsulfonated residue, if any. Determine the 
refractive index (Njj) at 20° by means of an Abbe refractometer as a check on the 
type of oil. 

True coal tar distillates may contain a small quantity of unsulfonated 
residue. Church and Weiss'^ found as high as 6.2 per cent of unsulfonated 
residue from one of the distillates of a vertical retort tar. This must be 
taken into account in considering whether the oil is adulterated. The re- 
fractive index for the D line at 20® C. is aliout 1.44- 1.45 for kerosene and 


Aucc. Ofiictal Agr, Chem., 11 , 322 (1928). 
*/. IhA, Eng Chem,^ 6 , 396 (1914)- 
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somewhat higher for the higher boiling petroleum oils. The refractive 
index for the residue from a true creosote oil is still higher. 

Phenol. — Phenol (C«H-,OH) in emulsified coal tar disinfectants may be 
determined by the method of Chapin given on p. 585 without any previous 
treatment. It has been found that the rosin soap and neutral oils do not 
interfere. 


NAPHTHALENE 

Naphthalene is a common constituent of louse powders and is also used 
alone as a protection against clothes moths. It is sometimes dissolved 
in oils. 

Samples Composed Entirely of Naphthalene.— H the sample consists of naph- 
thalene unmixed with other substances the only determination necessary to I)e made 
is the melting point, which is determined ils described in the chapter on physical 
methods, section (g)- Pure naphthalene melts at 79 -80*’ C. 

Naphthalene in Mixtures 


APPAR vrus 

(a) U^atch-(/lasses . — Three watch-glasses, diameter 10 cm., whose edges have 
been ground to a plane. 

(b) Electric hot plate — An ordinary laboratory hot plate, wired for low, med- 
ium and high heats. 


REAGF.NTS 

Calcium oxide . — Recently ignited and cooled. 

DKTKRMI NATION 

Weigh a quantity of the sample that will contain 0.25-0.3 gram of naphthalene 
and transfer to a watch-glass, described under (a). Cover with a second glass of 
the same kind that has been previously weighed and heat on the electric hot plate. 
Use a temperature sufficient to volatilize the naphthalene in about 30 minutes, keep- 
ing the upper glass cool with a blast of air projected downward against it. (The 
medium heat of the hot plate will usually suffice.) When the naphthalene has vola- 
tilized and collected on the upper glass, remove the glasses from the hot plate, hut 
do not separate them, and allow them to cool under air blast. Remove the upper 
glass, place it over a second weighed glass to prevent loss of the naphthalene and 
weigh. Clean the upper watch-glass, return it to the first glass and again heat to 
insure the complete sublimation and recovery of the naphthalene. Weigh any ad- 
ditional naphthalene obtained. From the combined weights of the sublimates and 
the quantity of sample taken, calculate the percentage of naphthalene. 

If the sample contains sufficient moisture to cause an error by depositing with 
the naphthalene, mix the sample with about an equal quantity of the freshly ignited 
quicklime before sublimation. 
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In lieu of the apparatus described above, any efficient sublimation apparatus 
may be used. A satisfactory one is described by Fuller.’ 

Naphthalene in Oils 

It will be necessary only f>ccasionally for the insecticide chemist to determine 
naphthalene in oils. Hamor and Padgett* have described a method for ffiis determi- 
nation. The naphthalene is volatilized by drawing a current of air through the 
oil contained in a test tube immersed in a hot water bath and connected to a reflux 
condenser. The naphthalene is absorbed in saturated picric acid solution contained 
in a series of bottles connected to the upper end of the condenser. The quantity of 
naphthalene picrate is determined by titration with standard sodium hydroxide, 
from which the percentage of naphthalene is calculated. 

PARADICHLOROBENZENE 

Paraciichlorobenzene is extensively used as a soil fumigant to kill peach 
tree borers. It is usually encountered unmixed with other substances, and 
it is only necessary to judge its purity by its melting point, which is de- 
termined as described in the chapter on physical methods, section (g). The 
melting point of pure paradichlorobenzene is 53.1° C. 

Faradichlorobenzene can be separated from powders in which it is oc- 
casionally found by the sublimation method described under naphthalene. 
It has a characteristic aromatic odor which is a valuable aid in its de- 
tection. 

The percentage composition of mixtures consisting only of paradichloro- 
benzene and naphthalene can be determined by comparing the melting point 
of the mixture with that of known mixtures of these two substances. 


* C hemist Analyst, No. 2 q, 6 (1910), 

* The Chemical Examination of Crude Petroleum, Petroleum Producti* and Natural Gar, 
1920, p. 236. 



CHAPTER XV 

MISCELLANEOUS INSECTICIDES 

Most of the products covered in this chapter contain several ingredients 
and are of such diverse nature that in most cases only general directions 
can be given. Therefore to the analyst is left the task of applying the prin- 
ciples of analytical chemistry to the problem presented by the particular 
sample with which he has to deal. 

ROACH POWDERS 

Roach powders usually contain as the active ingredient sodium fluoride, 
borax, lx)ric acid, pyrethrum, or mixtures of these materials. They may 
consist entirely of these ingredients, but they generally contain an inert 
filler such as starch, flour, cacao shells, talc or diatomaceous earth. The 
material most commonly used without admixture, except for the impuri- 
ties incidental to its manufacture, is sodium fluoride. 

All samples of roach powders should be examined by an experienced 
micro-analyst for the detection and possible estimation of organic con- 
stituents for which no chemical methods are available. 

Boric Oxide. — Qualitative Test. — Place from i to $ grams of the sample in a 
small flask, add 30-40 cc. of methyl alcohol, acidify with sulfuric acid, and close the 
flask with a stopper through which passes a tube with a small aperture. Heat the 
flask sufficiently to boil the alcohol gently and ignite the vapors at the the point of 
emergence. A green color in the flame indicates the presence of boron. This test 
can often be satisfactorily carried out in an open dish, although in this case the 
green color due to minute quantities of boron is not so easily seen and hence the 
test is not so delicate as that made with the flask and tube. 

Quantitatwc Determination 
DETERMINATION 

I. In Boric Acid and Borax. — (Applicable only in the absence of organic mat- 
ter, fluorides, and salts of polybasic acids like phosphates, which are not titrated to 
the same degree when methyl orange and phenolphthalein are used as indicators.) 

reagents 

(a) 0,2 N sulfuric acid. — Standardize by precipitation as barium sulfate. 

(b) Standard a/Ara/i.— Prepare an approximately 0.2 N alkali solution and stand* 
ardize against (a)- 

(c) Neutral mannitol. 

(d) Neutral glycerol. 

Digest 2 grams of the sample with 100-150 cc. of warm water in a 200 cc. volu- 
metric flask for 15 or 20 minutes, shaking frequently. Cool to room temperature, 
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make to volume, and filter through a dry filter. Exactly titrate a 50 cc. aliquot of 
this solution with 0,2 N acid, using methyl orange as indicator. Boil to expel carbon 
dioxide, cool, and titrate with alkali until the color just changes to yellow. (At this 
stage all the boric acid will be in the free state.) Add about 10 grams of neutral man- 
nitol and a few drops of phenol phthalein indicator, note the buret reading, and again 
titrate the solution with the standard sodium hydroxide until a pink color develops. 
Add a little more mannitol and if the pink color disappears continue the addition of 
the standard alkali until a pink color reappears. Repeat the alternate addition of 
mannitol and standard alkali until a permanent end point is reached. (A volume 
of neutral glycerol equal to one-half the volume of the solution to be titrated may 
be substituted for the mannitol.) 

From this titration calculate the percentage of boric oxide on the basis that 
I cc. of normal alkali is equivalent to 0.03482 gram of If the results are de- 

sired in terms of l)onc acid or borax, substitute the following factors : 

I cc. of N alkali = 0.06184 gram of HaBO*. 

= 0.05032 gram of N 826407. 

= 0.0Q536 gram of Na2B407. loHjO. 

2. In the Presence of Fluorine Compounds. — (Applicable to mixtures contain- 
ing both borax and sodium fluoride, in the absence of phosphates.) 

RKAGENTS 

Calcium acetate solution — Dissolve 100 grams of calcium acetate in water and 
dilute to I liter. 

The other reagents are described in the previous method. 

llETl'.RMl NATION 

Transfer a lOO cc. aliquot of the filtrate, prepared as described in the preceding 
method, to a 200 cc. volumetric flask, slightly acidify ^ith acetic acid, and pre- 
cipitate the fluorine with calcium acetate solution. Make to volume, shake thor- 
oughly and allow to stand a sufficient time for the calcium fluoride precipitate to 
settle. Do not attempt to filter. Draw off a 100 cc. aliquot of the clear solution 
with a pipet, transfer to a platinum dish, add an excess of lime or lime water, evapo- 
rate to dryness, and ignite to destroy acetates. Take up with hydrochloric acid; 
exactly neutralize with sodium hydroxide, using methyl orange as indicator; and 
proceed as described in the preceding method, beginning with “Boil to expel carbon 
dioxide * ♦ ♦ 

3. In the Presence of Organic Matter and Phosphates. — (Adapted from Meth- 
ods of Analysis, A. O. A. C., and A Systematic Handbook of Chemical Analysis, 
F. Sutton, nth ed., 99.) 

reagents 

Sodium hydroxide Dissolve 250 grams of sodium hydroxide in water 

and dilute to 1 liter. 

The other reagents are described in the previous methods. 

DETERMINATION 

Dissolve 2 grams of the sample in water, make distinctly alkaline with sodium 
hydroxide solution, and evaporate to dryness in a platinum dish. Ignite the residue 
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until the organic matter is thoroughly charred, avoiding an intense red heat ; cool ; 
digest with about 50 cc. of hot water; and add hydrochloric acid drop by drop until 
the reaction is distinctly acid to methyl orange. Filter into a 200 cc. volumetric flask 
and wash with a little hot water. Return the filter containing any unburned carbon 
to the platinum dish, make alkaline by wetting thoroughly with lime water, dry on 
a steam bath, and ignite to a white ash. Dissolve the ash in a few cubic centimeters 
of dilute hydrochloric acid (1 + 3) and add it to the liquid in the 100 cc. flask, 
rinsing the dish with a few cubic centimeters of water. To the combined solu- 
tions add 0.5 gram of calcium chloride and a few drops of phenolphthalein indi- 
cator, then 10 per cent sodium hydroxide solution until a permanent light pink color 
is produced, and finally dilute to the mark A\ith lime water. Mix and filter through 
a dry filter. To 50 cc. of the filtrate add 0.2 N sulfuric acid until the pink color dis- 
appears, then add methyl orange indicator, and continue the addition of the acid 
until the yellow color is changed to pink. Continue the determination as descril>ed 
under determination of boric oxide in boric acid and borax beginning with “Boil 
to expel carbon dioxide ♦ ♦ ♦ 

Other Constituents. — ScKlium fluoride should he determined by one of 
the methods described in the chapter on fluorine compounds. Pyrethrum 
powder and cacao shells cannot be determined in such mixtures quantita- 
tively by chemical means, but a fairly accurate estimation can be made by 
an experienced micro-analyst. The best method for starch is the diastase 
method.' Ash and acid-insoluble ash should be determined by the methods 
de.scribed under Pyrethrum. If the sample contains much borax it is best 
before ashing, to leach the sample with water, then ash the residue, add 
the leachings to the ash, eva])orate, and ignite at a dull red heat. 


ROACH PASTES 

These preparations usually consist of yellow phosphorus mixed with 
starch, sugar, and water. The only determination ordinarily made is that 
of the phosphorus. Owing to the tendency of this constituent to settle to 
the bottom, it is extremely imiKjrtant that the .sample be thoroughly mixed 
immediately before analysis. The sample should be oxidized with nitric 
and sulfuric acids, and the phosphoric acid should be determined by the 
official gravimetric method given under “Fertilizers.'"' The percentage of 
phosphorus is then calculated from the results of this determination. 

This method gives the total phosphorus, both free and combined, but 
the result of the determination is usually considered to be free phosphorus 
since it is practically all uncombined. 


* Mittkfids of Analysis, A. 0 , A. C. 
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LOUSE POWDERS 

Louse powders may contain sulfur, sodium fluoride, sodium silico- 
fluoride, derris powder, nicotine (tobacco powder), pyrethruni fx^wder, 
naphthalene and phenols, mixed with inorganic fillers such as talc, lime, 
sand, Fullers' earth, or diatomaceous earth. However, it is not likely 
that all these ingredients will be found in the same preparation. 

All samjiles of louse powders should be examined by an experienced 
micro-analyst for the detection and possible estimation of organic consti- 
tuents for which no chemical methods are available. 

Sulfur. — Determine by carbon disulfide extraction or oxidize directly as de- 
scribed under Elemental Sulfur. In the latter case make correction for any sulfur 
initially present as sulfate. If the sulfur obtained by extraction is* contaminated 
with other matter, oxidize and determine the sulfur by precipitation as barium 
sulfate. 

In some samples it is best to proceed directly by one of the oxidation methods 
without first extracting with carbon disulfide. 

Nicotine. — This usually occurs in louse powders in the form of powdered 
tobacco, which can generally be detected by its odor or identification of tobacco 
tissues by the microscope. Determine quantitatively b\ the silico-tungstic acid 
method, described under “Tobacco.” 

Fluorine. — Make qualitative tests on the sample by the etching or hanging 
drop tests descrilx'd in the chapter on Fluorine Compounds; if a positive test is 
obtained, prepare a water extract of the sample and determine the fluorine in the 
.solution as de.scril>ed in that chapter. 

Naphthalene. — Naphthalene may be detected by its characteristic odor. De- 
termine it quantitatively by sublimation, as described in the chapter on Coal Tar 
Products. 

Phenols. — Phenols in louse powders can usually be detected by their odor. 
For a quantitative determination proceed as follows: 

Weigh 10-20 grams of the sample, transfer to the flask of a steam distillation 
apparatus, acidify with sulfuric acid, and steam distil into a Squibb separatory funnel 
until no more phenols come over in the distillate, as shown by a test with ferric 
chloride. Separate and determine the phenols from this distillate as described in 
the chapter on Coal Tar Products, 

Fyrethrum. — pyrethrum also has a characteristic odor by means of which its 
presence can usually be detected in louse powders; definite identification may be 
made by means of a microscope. At present there are no chemical methods for 
estimating its percentage in such mixtures, but an experienced micro-analyst can 
make a fairly accurate estimation of the quantity present. 

Ash and acid-insoluble ash should be determined as described under Pyrethruni 
Powder. 
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ANT POISONS 

Most ant poisons on the market are preparations containing a compound 
of arsenic, and occasionally antimony (tartar emetic), mixed with sugar, 
sirup or honey. The preparation recommended in U. S. Dept. Agr. Far- 
mers Bull., 1101 for the control of the Argentine ant contains sodium 
arsenite, sugar sirup, honey, tartaric acid and sodium benzoate. 

Arsenic and antimony, which are the active ingredients, are generally 
the only constituents determined in such i)reparations. The sample taken 
for analysis should be first oxidized with nitric and sulfuric acids to de- 
stroy the organic matter, and the nitric acid should be exi)elled by heating 
until the sulfuric acid evolves white fumes. After cooling and diluting 
with water, a second fuming is necessary to exj^el nitrosyl sulfuric acid. 
The arsenic can then be determined by the Gooch and Browning method or 
by one of the distillation methods previously described. If the sample con- 
tains both antimony and arsenic the latter should be removed by the hy- 
drazine sulfate distillation method and the antimony recovered from the 
residue in the distillation flask by precipitation with hydrogen sulfide, after 
which the antimony sulfide may be dissolved in hydrochloric acid (i + i) 
and estimated by the Gooch and Browning method. 

FLY POISONS 

Porous pai)er is often impregnated with a water-soluble form of arsenic, 
usually sodium arsenite, and sold for killing flies. 

For analysis small pieces should be cut from diflferent parts of the sheet 
in order to get a uniform sample. These should then be oxidized and the 
arsenic determined in the same way as for the Ant Poisons. 

Arsenical fly killing preparations are also sold in flat tin cans with wicks 
protruding from the top. The preparation usually consists of sodium 
arsenite, white arsenic, or metallic arsenic mixed with sugar. In use 
the can is kept filled with water, and the flies are poisoned by drinking the 
poisoned liquid absorbed by the wicks. 

The contents of the cans should be analyzed by the methods recom- 
mended for Ant Poisons and Poison Papers. 

PREPARATIONS FOR THE CONTROL OF BEDBUGS 

A large number of the preparations sold for the control of bedbugs 
consist of solutions of phenols in a light mineral oil of the nature of gaso- 
line or kerosene. They may also contain other constituents such as nitro- 
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benzene and carbon tetrachloride. All of these constituents are active 
against bedbugs and thus quantitative estimation is not always required. 

The determinations usually made on such preparations are specific 
gravity, the distillation range, sulfonation residue and phenols. Nitro- 
benzene and carbon tetrachloride are less frequently determined. Nitro- 
benzene can usually be detected by its odor, and in doubtful cases the 
isonitrile test is very satisfactory for its identification. The percentage 
of nitrobenzene present can be determined, after extraction of phenols, 
by reducing with zinc dust and hydrochloric acid and then titrating with 
standard bromide-bromate .solution. The carbon tetrachloride can usually 
be identified by its boiling point and refractive index in the fraction of 
the distillate coming over between 75^ and 80*^ C. If carbolic acid 
(phenol) is present, it should be determined by the Chapin method, p. 585. 
This determination is necessary, because if more than 5 per cent is present 
the product must l)e labeled according to the provisions of the Federal 
caustic poison act. 


FORMALDEHYDE SOLUTIONS 

Formaldehyde solutions, which are largely used for household disinfec- 
tion. find additional agricultural application for seed disinfection. For 
analysis of such preparations an aliquot of the sample is oxidized with 
hydrogen peroxide in the presence of a known quantity of standard alkali. 
The resulting formic acid is determined by a titration of the excess stand- 
ard alkali with a standard acid, litmus or bromthymol blue being used as 
indicator.^ 


Methods of Analysis, A. O. A. C. 
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coloration method for determination of phenol in mixtures 585 
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Citrate-soluble phosphoric acid 106, 193, 199, 209 

Citric acid-soluble phosphoric acid * 114, 189, 195, 201 

Clark method for volumetric determination of phosphoric acid 168 

Clemm-Iycnning Method for determination of water-soluble phosphates 

in superphosphates 158 

Coal tar neutral oils in emulsifying disinfectants 606 

Coal tar products 583 

Cobaltinitrite methods for determination of potassium 4J0 

Commercial fertilizers, sampling n 

Copper, ammoniacal solutions 513 

carbonate 513 

compounds 509 



622 


INDEX 


gravimetric method for determination of phosphoric acid 1-2 

in Bordeaux mixtures 

in copper carbonate 5*3 

in fertilizers 47 * 

in liming materials 44 ^ 

reducing power of dextrose and pyrethrins 575 

reduction method, Gnadinger and Corl 573 

sulfate and lime mixtures 5 10 

Coprolites So 

Corenwdnder and Contamine method for determination of potash 4^2 

Corncobs, as sources of potash 363 

Cottonseed 

hulls, as source of potash 363 

meal, as source of nitrogen 214 

Cottrell precipitators 3 ^ 7 * 373 

Creosote oils 593 

CresoJ, 

in liquor cresolis compositus 588, 591 

saponified, solutions 592 

Crum-Frankland process for nitrites 281 

Cupric oxide, total, in Paris green 500 

Cuprous chloride distillation method fur determination of total arsenic in arsenicals 492 

Curasao Island phosphate deposits 60, 62 

Cyanamide 466 

ammonia from 228 

and sulfate of ammonia, mechanical separation 295 

composition 226 

determination of urea content 300 

nitrogen, determination by 

American Cyanamid Co. method 298 

German method 313 

process, nitrogen fixation 225 

qualitative tests 295 

Cyanide 228 

Cyanides 

and hydrocyanic acid 542 

Cyanogen 

in calcium cyanide 546 

in potassium and sodium cyanides 543 

D 

Darmstadt station method for determination of phosphoric acid 131 

Davisson scrubber 266 

Davisson-Parsons 

absorption apparatus .* 266 

method for determination of total nitrogen 265 

de Koninck method for detection of potassium 378 

Dead Sea potash deposits 341 

Dean and Stark apparatus 4 qo 

Deep Springs Valley potash deposits 348 

Degree of fineness, insecticides 484 

Deliquescent materials, sampling 8 

Delta laboratory method for determination of degree of fineness of insecticides 486 

Denmark, official method for determination 

of moisture in fertilizers 38 

of potash 4-2 



INDEX 


623 

of water in fertilizers 38 

Derris 582 

Desiccants 22 
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Dolomite 343 
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Holleman method for volumetric determination of phosphoric acid 168 

Hough method for preparation of chloroplatinic acid from platinum residues 391 

Hydrated lime 436 

Hydrazine 

compounds, nitrogen content by Kjeldahl method 269 

sulfate distillation method for determination of arsenic in arsenicals 493 

Hydroboracite 333 

Hydrochloric acid method for determination of phosphoric acid 196, 201 

Hydrocyanic acid S4-2, 547 

determination from specitic gravity and temperature 550 

in fumigated products 553 

titration method 549 

Hypochlorite and available chlorine in sodium hypochlorite solutions 539 

Hypochlorites and other chlorine compounds 534 

1 

Idaho phosphate deposits 57 

Ignited phosphates, determination of phosphoric acid content 201 

Ignition, in potash determinations 38^ 

Illinois shales 364^ 

Imhoif sewage sludge, as source of nitrogen 217 

India, 

official method for determination 

of moisture in fertilizers 40 

of phosphoric acid 190 

of potassium 432 

potash deposits 330, 339, 341 

Indiana sampler 12 

Indicators used in volumetric analysis of phosphoric acid 153 

Industrial wastes, as source of potash 36#* 

Insecticides, arsenical, combinations of Bordeaux mixture with 511 

Insecticides and fungicides 

arsenicals 492 

boiling point and distillation range 484 

coal tar products 583 

copper compounds S09 

cyanides and hydrocyanic acid 54^ 

degree of fineness 484 

fluorine compounds 5-^7 

hypochlorites and other chlorine compounds 534 

melting point 483 

mercury compounds 555 

microscopic examination * 483 

miscellaneous ^*0 

net volume * 48 1 
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physical methods for examining 4 ®* 

plant products 5^7 

polariscopic examination 4^3 

refractive, index 4 ®^ 

sampling 47 ® 

section by McDonnell, Graham, Smith and Griffin 475 

soaps and mineral oil emulsions 5 ^* 

specific gravity 4 ®* 

sublimation 4®4 

sulfur and its compounds 5*5 

water content 487 

Insoluble matter, total, in molasses — calcium arsenate mixtures 507 

Insoluble phosphoric acid * *90 

Insoluble potash 4^0 

Iodine 

in phosphate rock 4^3 

in sodium nitrate 470 

number of fatty acids in liquor cresolis compo&itus 59 * 

titration method for determination of sulfur in lime-sulfur solution 5*9 

lodometric methods, volumetric, for determination of phosphoric acid 170 

Ionic system of reporting results of fertilizer analyses 5 

Ireland, official method for determination 

of moisture in fertilizers 37 

of phosphoric acid 190 

of potassium 43 ^ 

Iridium in platinum 3 ®®» 3®9 

Iron in chlorinated lime 53 ® 

Iron and aluminum in phosphates 51, 67, 455 

Iron and aluminum oxides in liming materials 438 

Iron ores 43 

Isbert and Stutzer method for volumetric determination of phosphoric acid X7a 

Italy, official method for determination of moisture in fertilizers : 39 

J 

Jacob-Gildert method for determination of total nitrogen 267 

Jander and Pfundt titrimetric method for determination of potassium 418 

Jodlbauer method for determination of nitrogen 360, 319 

Jones method for determination of nitrates and ammonia 29a 

Jones modification of Robertson method 295 

Jones reductor x8i, 182 

Joulie method 

for preparation of solution, citrate-soluble phosphoric acid xo8 

for volumetric determination of phosphoric acid 164 

K 

Kainite 333, 334, 335, 337, 436 

Kali, origin of name 329 

Kalidungemittel 333 

Kalmann-Meisels method for determination of water-soluble phosphates in superpho^hates, . 159 

Karstenite 333 

Kellogg'Sampler, or “horn” 12 

Kelp 

as source of potash 364, 451 

composition of i jtjg 

Kelpchar 3^4 
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Kentucky phosphate deposits 57 

Kerosene method for determination of phenol in presence of other tar acids and salicylates 587 

Kerosene«cresylic acid mixtures 599 

Kieserite 333 

Kjeldahl digestion apparatus 243* 246 

Kjeldahl distillation flasks 246, 249 

Kjeldahl method 237, 322 

action of potassium sulfide 241 

changes to include nitrates 260 

degree of accuracy attained 258 

discontinuance of use of permanganate of potash 250 

effect of mercury 252, 256, 257 

factors affecting 256 

for hydrazine compounds 269 

for nitrates, sources of error 260 

for synthetic organic compounds 268 

Gunning* Atterberg modification 3x8 

indicators used 252 

modification preferred 258 

modified 

for azo compounds 268 

for nitrates 262, 263 

precautions in digestion 247 

special buret and rubber stoppers 247, 249 

standard solutions for 253 

theory and modifications 239 

titration and calculation 249 

use of boric acid to absorb ammonia 25$ 

of copper 252, 256, 257 

of sodium sulfate and thiosulfate 251, 256 

of zinc 248 

Kjeldahl salicylic acid method 264 

Kjeldahl-Amold-Gunning method 245 

Kreider method for preparation of perchloric acid 402 


Kreiss process for preparation of calcined phosphates 


72 


Krugite 


333 . 334 


L 


I^angbeinite 333. 334 

l^oline 371 

l^arkspur extracts 578 

Ircsd arsenate 500 

with Bordeaux mixtures 5x2 

Iread methods for determination of phosphoric acid 

gravimetric 120 

volumetric 166 

l^ead oxide 

in lead arsenate, S02 

in sulfur dusting mixtures 517 

I^eather, as source of nitrogen 217 

I^eConte method for volumetric determination of phosphoric acid 163 

IfConite' 333 . 334 

I«eucite 3 SS. 3S<5 

l^unasalpeter 230 
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Lime 436 

chlorinated 534 

hydrated 436 

quick and hydrated, caustic value of 444 

Lime stone 

dolomitic 434 

ground, fineness 446 

sampling 7 

Limekiln ashes as source of potash 362 

Lime-sulfur 517 

Liming, indications that a soil needs 437 

Liming materials 433 

analysis 438 

loss on ignition 438 

neutralizing value 445 

Lindeman and Motten method for volumetric determination of phosphoric acid 171 

Lindo method for determination of potassium 382 

Linseed oil meal as source of nitrogen 214 

Liquid, sampling 7 

Liquids with solids in suspension, sampling 8 

Liquor cresolis compositus 588 

Lorenz methods for determination of phosphoric acid 142, 192, 201 

Louse powders 613 

homtc 333 

Lunge’s apparatus 282, 284 
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McDonnell, C. C., section on insecticides and fungicides 

McDonnell, H. B., chapter on sampling 

McHargue, J. S., chapter on miscellaneous fertilizers and soil amendments 

Macheleidt method for determination of potassium 

Macrocystis pyrifera 

Magdeburg method for preparation of solution, water-soluble fihosphoric acid 

Magnesia in liming materials 

Magnesium 

in calcium cyanamide 

in chlorinated lime 

in potassium salts 

in rock phosphate 

Magnesium arsenate 

Magnesium gravimetric methods for determination of phosphoric acid 

involving direct precipitation as magnesium ammonium phosphate 

involving preliminary precipitation as phosphates of other metals 

Magnesium oxide in Bordeaux mixture 

Makatea Island phosphate deposits ..,,.60 

Maly's volumetric method for determination of water-soluble phosphates in superphosphates 
Manganese 

in basic slag 

in fertilizers 

in liming materials ^ ^ ^ 

in manganese sulfate 

Manly method for volumetric determination of phosphoric acid 

Manure, 
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433 

409 

364 

too 

439 

469 

538 

4 S 2 

455 

505 

J23 

>33 

5*0 

62 

*58 

465 

471 

439 

44S 

*73 


barnyard, sampling 
definition of term 
Manure salts 
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335 * 33 f>t 337 
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Marcker’s citrate and magnesia mixtures 

Marl 

Marx method for estimation of nitric acid 

Materials containing oxide and hydroxide of calcium 

Meat meal, as source of nitrogen 

Meat scrap, sampling 

Melting point 

of insecticides 

of phenol 

Mercurial seed disinfectants, organic 

Mercury 

and sulfuric acid method for determinations of nitrates 

in organic mercurial seed disinfectants 

in soaps 

metallic, products containing 

Mercury compounds, 

Merseburg, synthetic ammonia plant 

Mera, A. R., chapter on moisture in fertilizeis 

Mera, A. R. and Ross, W. H., chapter on phosphoric acid 

Metaphosphates, alkali 

Metaphosphoric acid 

Metge method for recovery of platinum residues 

Meurice method for determination of potassium 

Mexico potash deposits 

Microcline 

Microscopic examination of insecticides 

Mineral oil 

emulsions 

in emulsifying disinfectants 

Mineral phosphates, classification 

Minerals containing fertilizer materials, sampling 

Minnesota shales 

Mirabilite 

Miscellaneous fertilizers and soil amendments, chapter by McHargue 

Mohr method, preparation of solution, citrate-soluble phosphoric acid 

Moist combustion process for determination of nitrogen 

development in A. O, A. C 

Moisture in fertilizers 

chapter by Merz 

international methods for determination 

miscellaneous methods for determination 

official methods for determination 

Mojonnier electric vacuum oven 

Molasses — calcium arsenate mixtures 

Molybdate method for determination of iron and aluminum in rock phOvSphate 

Molybdate-magnesium methods for determination of phosphoric acid 

Monoammonium and diammonium phosphate * 

Montana phosphate deposits 

Morocco phosphate deposits 

Moxham process 

Muiiate of potash 

analysis 
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483 

584 

557 

z8i 
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17 

41 

79 

73 

39-2 

408 

341 

349 

483 

563 

607 
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9 

361 

342 

433 

109 

237 

244 

17 

33 
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33 

30, 31 

507 

455 

T43, 198, 209 

530 

57 

S8 

359 

335. 337 
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Naphthalene 608 

in louse powders 613 
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Natron • 343 

Naumann method, gravimetric, for determination of phosphoric acid 131 

Nauru Island phosphate deposits 60, 62 

Nebraska Lakes potash deposits 347 

Nebraska potash brines, composition of, 347 

Net volume and weight of insecticides 4^1 

Netherlands, potash deposits 3 30 

Neumann official German method for determination of potassium 428 

Neutral oils in emulsifying disinfectants 600 

Neutralizing value of liming materials 44S 

New Zealand, official method for determination 

of moisture in fertilizers 40 

of phosphoric acid 190 

of potassium 432 

Nicotine in louse powders 613 

Niter deposits of California and Arizona aai 

Nitrate deposits, origin jt2o 

Nitrate nitrogen. See nitrogen, nitrate 
Nitrates 

and ammonia, determination by Jones method 292 

determination by modified Kjeldahl method, A.O.A.C. work 263 

in presence of c>anamide or urea 301 

removal (French method) 322 

tests for 245. 290 

Nitric acid, estimation 

by Gunning and Voorhees methods 262 

by Marx method 288 

by oxidation of a colored solution 288 

in arsenic acid, qualitative test 498 

Nitric nitrogen. See Nitrogen, nitric 

Nitric oxide process for determination of nitrogen 277 

Nitrite, estimation 316 

Nitrogen 213 

ammonia, in ammonium salts, determination by German official method 317 

as ammonia, estimation 270 

as ammonium sulfate or ammonium salts, quantitative determination 297 

as urea, quantitative determination 297 

availability by vegetation experiments and activity 310 

determination 

by alkaline permanganate method 304 

by American Cyanamid Co. method 298, 299 

by Arnd methoil 275 

by Asboth method 260 

by Devarda method 274 

by ferrous chloride method 3 2d 

by ferrous-sulfur- zinc-soda method 27$ 

by French official methods 3x9 

by Gunning method 241, 246 

by Jodlbaucr method 260 

by Kjeldahl method 237, 32a 

by of^ial Kjeldahl method 24S 

by moist combustion process 237 

by neutral permanganate method 303 

by nitric oxide process * 277 

by salicylic acid method 261 

by soda-lime process * 232 

by Ulsch method 275 
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by Wilfarth method 240 

by wholesale methods 259 

by zinc iron method 276 

differentiation 312 

German method 321 

French method 323 

effect of mercury in Kjeldahl method 241 

foreign official methods for determination 311 

gasometric estimation by combustion with copper oxide 23a 

in ammonium sulfate 312 

in azo compounds, Kjeldahl method 268 

in calcium cyanamide, German method 318 

in Chile saltpeter, Halle zinc-iron method 273 

in cyanamide, German method 313 

in form of ammonia or nitrates 270 

in form of cyanamide 296 

in form of nitrate 296 

in hydrazine compounds by Kjeldahl method 269 

in mixtures 

estimation of forms of combination 290 

German method 313 

in nitrates, Tiemann- Schulze method 326 

in pyrethrum powder 568 

in sulfate of ammonia 322, 323 

interpretation of results by permanganate methods 308 

Kjeldahl method 318, 322 

Kjeldahl digestion apparatus 243 

of air utilization 221 

official method for determination 232 

soils impregnated with 219 

standard solutions for, German method 313 

states of 213 

use of term 231 

states of 213 

use of term 231 

Nitrogen conversion products 227 

Nitrogen distillation apparatus 244, 248 

Nitrogen fixation 

by industrial processes 221 

capacity of world 223 

processes 224 

Nitrogen, inorganic, world production 222 

Nitrogen, mineral and organic, determination by Robertson method ..294 

Nitrogen, nitrate, determination 

by German official method 312, 313, 314 

in absence of interfering compounds 301 

in presence of urea, cyanamide, dicyandiamide and guanylurea 301 

Nitrogen, nitric, determination 

by French method 326 

by mercury and sulfuric acid method 281 

by nitron method 290 

by official Kjeldahl method 262 

by reduction to ammonia 272 

by Ruffie soda-lime method 235 

by Schloesing- Wagner method 277 

by Schulze-Tiemann method 278 

reduction by electric current 276 
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Nitrogen, organic 

consumed as fertilirer in United States 218 

methods for testing quality 302, 312, 319, 322 

Nitrogen, total, determination 

by American Cyanamid Co. method 298, 299 

by Devarda-Kjeldahl method 265 

by Forster method 319 

by Jacob-Gildert method 267 

by Jodlbauer method 319 

methods for determination 231 

Nitrogenous chemicals in animal or vegetable materials 295 

Nitrogenous constituents of calcium cyananiide, estimation of 297 

Nitrogenous fertilizers 466 

determination of miscellaneous constituents 469 

pot experiments to test availability (Haskins) 309 

pioduced in United States 224 

Nitrolinc 466 

Nitron method for determination ot nitrates 290 

Nitrophoska 230 

Nitroso platinic chloride 388, 389 

Non-volatile matter 

in carbon disulhie 525 

in sulfur compounds 515, 516, 522, 524 

Korthupite 342 

Norway, 

nitrogen fixation in 223 

official method for determination of moisture in fertilizers 37 

of potash 432 

Nosdite 355 

o 

Occluded water in fertilizers 20 

Ocean Island phosphate deposits 60, 62 

Oesypus 371 

Official methods for determination 

of moisture in fertilizers 3i 

of nitrogen 232, 311 

of phosphoric acid 187 

of potassium 420 

Oil, total, in mineral oil emulsions 564 

Oils, testing, in mineral oil emulsions 566 

Orcndite 355 

Organic matter, test befoie determination of potassium 380 

Organic mercuiial seed d sin<^ectants 557 

Organic mixtures, determination of potassium content by official methods 428 

Organic nitrogen, methods for testing quality 302 

Organic or vegetable sources of potash 361 

Orthoclase 349 

Orthophosphates 82, 83 

Orthophospho. ic aci i 74 » 75 

Oxalic acid in guano * 470 

P 

Paradichlorobenzene 609 

Paratoluenesulphondichloramide $40 
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Paris green 

Parr apparatus 4^2 

Pauly>Carnot reagent for determination of potassium 379 

Peanut oil meal as source of nitrogen ^14 

Pebble phusphiite 53 

Pemberton methods for volumetric determination of phosphoric acid 171, 174 

Perchlorate 

in Chile saltpeter 301, 302 

in nitrate of soda 317 

in sodium nitrate 470 

Perchlorate methods for determination of potassium 395, 420, 425 

Perchloric acid 402 

preparation of 

by Kreider method 402 

by Willard method 404 

pure aqueous, density and concentration 406 

Perchloric acid solutions, density 406 

Permanganate, methods for estimation of nitrogen 303, 308 

Perrot method for volumetric determination of phosphoric acid 167 

Peru potash deposits 341 

Peruvian guano i 

Petermann method 

for determination of phosphoric acid 126 

preparation of solution, citrate-soluble phosphoric acid 108 

Petermann’s ammonium citrate solution i94» i99 

Phenol 583 

in emulsifying disinfectants 600, 602, 608 

in kerosene-cresylic acid mixtures 599 

in louse powders 613 

high'bo.ling, in emulsifying disinfectants 606 

Phlogopite 355 

Phosphate, monoammonium and diammonium 230 

Phosphate rock 

compos tion 62 

fluo ine content 457 

iodine content 463 

sampling 7 

world production and reserves 61, 62, 63, 64 

alkali 79, 81, 153 

Phosphates 

Alta Vela 51 

calcined 72 

ignited, determination of phosphoric aci i content 201 

iron and aluminum content 51, 67 

mineral 

classification 49 

compos, tion 63 

of Europe 61 

of Northern Africa 5® 

of t.opical islands 60, 62 

of United States 52 

origin 49 

pH values of dilute solutions of alkali 153 

potassium 85 

precipitated 71 

processed 64 

Redonda Si* 5^, 114 

sodium 85 
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Phosphatic fertilizers, materials containing 453 

Phosphomolybdate methods for determination of potash 409 

Phosphoric acid 

analytical processes for determining S6 

chapter by Ross and Merz * 41 

citrate>solub]e 106, 193, 199, 209 

preparation of solution xo6 

Fresenius method 107 

Halle method 109 

Joulie method xo8 

Mohr method 109 

Petermann method xo8 

Wagner method xxx 

citric acid-soluble 114, 189, 195, aox 

preparation of solution 1x4, 1x7 

classification of gravimetric methods for determination 86 

determination 

by acidimetric and alkalimetric methods xsa 

by centrifugal volumetric methods 183 

by foreign official methods 187, 212 

by gravimetric methods 

involving molybdate precipitation X37 

direct weighing 137 

molybdate magnesium 143 

not involving molybdate precipitation 118*123 

by gravimetric magnesium methods 

involving direct precipitation as magnesium ammonium phosphate 123 

involving preliminary precipitation as phosphates of other metals 133 

by molybdate*magnesium method 198, 209 

by official methods 167 

by volumetric methods 

involving molybdate precipitation X7i'i83 

not involving molybdate precipitation 151-170 

free XS5, 204 

in superphosphates 103, 157 

indicators used in volumetric analysis 153 

insoluble 190 

reverted X07 

^'soluble/* in phosphates, results determined by Wagner xxx 

sources and preparation 4X 

standards for determination X85 

Phosphoric acid, total 87, 187, 190, X97, 205 

determination by citrate method 193, 207 

preparation of solution 87, 89, 90, 91, 93, 94, 95 

Phosphoric acid, water-soluble 95f >03, 157, 189, X93, 199, 210 

Phosphoric acids 73 

commercial, composition 80 

Phosphorites 49 

Phosphorus 

in iron ores 43 

in liming materials 44Z 

origin 49 

Phyiucal methods for examining insecticides 481 

Picrate method for estimation of potash 4x7 

Picromerite 333 

Pinnoitc 333 

Pirssotilfe 342 
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Plant food, definition of term x 

Plant products used as insecticides 567 

Plants, potash content 3^2 

Platinum, 

chloride, See Chloroplatinic acid 

density and percentage in aqueous chloroplatinic acid solution 393 

official method for determination of potash 423, 425 

recovery of residues and scraps 388 

residues for preparation of chloroplatinic acid 391 

Platinum solution. See Chloroplatinic acid 

Poland, potash deposits 338 

Polarimetric method for determination of potassium 419 

Polariscopic examination of insecticides 483 

Polylialite 333, 334 

Potash, {See also Potassium) 

analytical processes 375 

by-product of Chilean nitrate industry 371 

chapter by Ross and Whittaker 329 

content of various plants 362 

destruction of organic matter before determination 380 

domestic deposits 34a 

fertilizer materials 335 

foreign industry 375 

from alunite 353 

blast furnaces 368 

Caucasian sunflower 363 

cement kilns 366 

distillery waste 37 ^» 373 

glacialo 3^3 

industrial wastes 366 

kelp 3^4 

Steffen’s waste 3^9 

wool scourings 370 

in sea and ocean waters 34 ^, 349 

industry 373 

insoluble 420 

materials imported for consumption in United States 374, 37 S 

meaning and history of term 3^9 

minerals 

insoluble 349 

soluble 331 

theoretical composition 334 

world production 376 

miscellaneous sources 3^5 

muriate of 335 » 337 

produced and sold in United States, 1916-29 374 

salts 334 . 337 

determination of potassium in, by official methods 423, 426, 427, 429, 431 

subterranean deposits 33 1 

sulfate of 335 . 337 

surface deposits 339 

unit * 330 

vegetable or organic sources 361 

world supplies 330, 376 

Potash-superphosphate, determination of potassium content by official methods 427 

Potassic fertilizers 4So, 45* 
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Potassium 

ammonium nitrate 

and sodium cyanides 

and sodium oxides in mineral oil emulsions 

destruction of organic matter before determination 

determination 

by bitartrate methods 

by centrifugal methods 

by cobaltinitrite methods 

by Gladding method 

by gravimetric methods 

involving direct weighing of potassium chloroplatinate 
involving reduction of precipitated potassium chloropla- 
tinate 

by l^indo method 

by miscellaneous methods 

by official methods 420, 

by perchlorate methods 

by phosphomolybdatc methods 

by picrate method 

by polarimetric method 

by potentiometric methods 

by quantitative methods 

by reduced chloroplatinate methods 

by sodium bismuth thiosulfate method 

by sulfonate method 

by sulfuric acid ignition 

by volumetric methods 

moist combustion 

flame test 

nitrate, synthetic 

or sodium oxide 


230 

S4a 

564 

380 

40s 

418 
4 TO 

383 
382 

384 

382 

417 

4^3 

395 

409 

417 

419 

418 
380 

417 

379 
4 J 7 

380 
405 

381 
377 

230 


in carbon disulfi k* emulsions 

in emulsifying disinfectants 

in soaps 

phosphates 

perchlorate, solubility in alcohol of different strengths 

preparation of solution for determination 

qualitative detection 

salts, as source of potassium 451^ 

sources of error in determination 

spectrum 

sulfate 

Potentiometric methods for determination of potassium 

Poultry manure 

Precipitation method for determination of carbon dioxide in potass um and sodium cyanides 

Preparation of samples, fertilizers, offlcial method 

Preparation of solution 

citrate-soluble phosphoric acid 

citric acid- soluble phosphoric acid 

potassum 

total phosphoric acid - 

water-soluble phosphoric acid 

Proteid fertilizer nitrogen 

Przibylla method for determination of potassium 

P)rrethrins 1 and II 569, 

PyrethrinS) copper reducing power of 


526 

601 

S61 

85 

394 

380 

377 
452 
386 

378 
448 
418 
467 
546 

15 

106 

114 

380 

87 

95 

218 

408 

570 

575 
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Pyrethrum 

active principles of 569 

extracts 576 

in louse powders 613 

powder 567, 569 

Pyridine bases in emulsifying disinfectants 606 

Pyrophosphoric acid 73 

0 

Qualitative detection of potassium 377 

Qualitative tests for impurities in white arsenic 497 

Quantitative methods for determination of potassium 380 

Quicklime 436 

R 

Kapp’s method for determination of total alkaloids in larkspur extracts 581 

Kedonda phosphate 51, 52 , 114 

Reduced chloroplatinate methods for determination of potassium 384, 417 

Reduced platinum method, ofhcial, for determination of potash 422 

Reduction method for volumetric determination of phosphoric acid 179 

Refractive index of insecticides 482 

Reichardite 333 

Reversion of superphosphate 69 

Reverted phosphoric acid 107 

Rhenania phosphate 65, 72 

Roach pastes 612 

powders 610 

Robertson method for separation of mineral and organic nitrogen 204 

Rock phosphate, determination of miscellaneous constituents 453 

Rosin acids in emulsifying disinfectants 600, 604 

Ross, B. B,, chapter on potash 329 

Ross, W. H. and Merz, A. R., chapter on phosphoric acid 41 

Ross-Kershaw 

shaking machine 178 

stirring apparatus 177 

Rotenone 5^^^ 

Rough amraoniates as source of nitrogen 217 

Ruffle soda-lime method for determination of nitric nitrogen 235 

Russia 

phosphate deposits 6 t 

potash deposits 337 

s 

St. Minovici 

and loncscu method for estimation of potash 417 

and Kollo method for determination of pota.ssiura 407 

Salicylic acid method for determination ot nitrogen 261 

Sampling 

chapter by H. B. McDonnell 6 

insecticides and fungicides 478 

tubes It 

Samples, fertilirer, preparation 13 

Sanidine 355 
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Saponification method for determination of phenol in presence of other tar acids and 

salicylates 587 

Saponified cresol solutions 592 

Scheibler desiccator 23* 24 

Schloestng-Serullus official method for determination of potash 420 

Schloesing-Wagner method for determination of nitric nitrogen 277 

Schonite 333, 334 

Schroedter apparatus 443, 444 

Schucht method for determination of hydroscopic moisture in superphosphates 35 

Schulze-Tiemann method for determination of nitric nitrogen 278 

Scotland, official method for determination of moisture in fertilizers 37 

Sea and ocean waters, potash content 348, 349 

Sea weeds as source of nitrogen 217 

Searles Lake 

as source of potash 330, 342, 372 

brine, composition of 343 

deposits 3 

Searlesite 34a 

Seeds and seed residues as source of nitrogen 214 

. Seleckmann method for estimation of perchlorate in Chile saltpeter 302 

Semicarbazone method for determination of active principles of pyrethrum powder 5/x 

Shales and slates 359 

Shaw and Maclntire device 444 

Shells 435 

Sherrill method for determination of potassium 4x9 

Shuey method for volumetric determination of free acids in superphosphates 162 

Silica 

in Bordeaux mixture 510 

in chlorinated lime 538 

in phosphate rock 456 

in sodium fluoride 53 < 

Silicofluoride, fluorine present as, in sodium fluoride 532, 533 

Silver methods, 

gravimetric, for determination of phosphoric acid ti9 

volumetric, for determination of phosphoric acid 167 

Simplex crusher 9, X4 

Slates and shales 359 

Sludge 

activated, as source of nitrogen 216 

Imhoif sewage, as source of nitrogen 2x7 

Smith, C. M., section on insecticides and fungicides 47S 

Smith, J. L-f method for determination of potassium 414* 4X5> 4^0 

Smith and Ross, perchlorate method for determination of potassium 400 

Soap in mineral oil emulsions 564 

Soaps and mineral oil emulsions 561 

Soaps containing mercury 557 

Soda and pyridine bases in emulsifying disinfectants 6ofl 

Soda-lime method for determination of nitrogen 232, 3x9 

Sodium 

and potassium oxide in liquor cresoUs compositus 592 

and potassium oxides in mineral oil emulsions 564 

arsenite titration method for determination of available chlorine in chlorinated lime 534 

bifluoride and sodium silicofluoride 533 

bismuth thiosulfate method 379 

carbonate, use in neutral permanganate method 303 

cobaltinitrite method for detection of potassium 378 

cyanides 542 
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fluoride 529 

hydroxide in sodium hypochlorate solutions 539 

hypochlorite solutions 538 

in chloramine T 540 

in dry sodium^sulfur compounds 524 

in potassium salts, determination 452 

Sodium nitrate 286, 316, 467, 469 

synthetic 230 

or potassium oxide 

in carbon disulfide emulsions 526 

in emulsifying disinfectants 601 

in soaps 561 

paratoluenesulphonchloramide 539 

phosphates * 8$ 

sulfate in Paris green 500 

sulfur compounds, dry 523 

total, in sodium fluoride 530 

Soft phosphate 52, 54 

Soil amendments, and miscellaneous fertilizers, chapter by McHargue 433 

Soils impregnated with nitrogen 219 

Solid, sampling * 7 

Solvay soda process 230 

Sources of error in potassium determination 386 

South Carolina phosphate deposits 57 

Spain, 

official methods for determination of potassium 420 

phosphate deposits 61 

potash deposits 337 

potash industry 375 

Specific gravity 

method, hydrocyanic acid 548 

of carbon disulflde 525 

of creosote oils 59$ 

of insecticides 482 

of kcrosene-cresylic acid mixtures 600 

of sodium hypochlorite solutions 539 

Spectrum, flame, of potassium 378 

Spencer electric oven 27, 28 
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